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Description 

FIELD OF THE INVENTION 

5 The invention relates to novel human granulocyte colony stimulating factor (hG-CSF) polypeptides having an amino 
acid sequence which allows addition of at least one carbohydrate chain thereto, glycosylates polypeptides derived from 
said polypeptides, pharmaceutical compositions containing said optionally glycosylated polypeptides, deoxyribonucleic 
acids (DNA) coding for said polypeptides or glycosylated polypeptides, recombinant plasmids containing said DNA, 
host cells transformed with said recombinant plasmids, and a method of producing said polypeptides or glycosylated 

10 polypeptides which uses the transformant cells. 

The polypeptides having a newly added carbohydrate (or oligosaccharide) chain as provided by this invention have 
diverse carbohydrate chain functions added and are superior in physicochemical properties and/or activities to the cor- 
responding naturally occurring proteins. Therefore, the carbohydrate chain-added polypeptides according to the inven- 
tion are expected to be useful in a wide range of fields. 

15 The novel hG-CSF polypeptides with an additional carbohydrate chain added at an appropriate site have increased 
resistance to protease. This novel hG-CSF is fully expected to show slower blood clearance and is expected to be use- 
ful as a drug. 

BACKGROUND QF TH5 INVENTION 

20 

While proteins produced in prokaryotes, such as Escherichia coii. have no carbohydrate chain, proteins produced 
in eukaryotes, such as yeasts, fungi, plant cells or animal cells, have a carbohydrate chain or chains in many instances. 

Carbohydrate chains involved in glycosylate are roughly classifiable into two main groups. One group includes N- 
linked or N-glycosytated carbohydrate chains bound to the asparagine (Asn) residue in proteins and the other includes 
25 O-linked or O-glycosylated chains bound to the serine (Ser) or threonine (Thr) residue in proteins. 

N-glycosylated carbohydrate chains have a common basic core structure composed of five monosaccharide resi- 
dues, namely two N-acetylglucosamine residues and three mannose residues, and are classified into three types: high 
mannose type, complex type and hybrid type (Fig. 1). A precursor to these asparagine-linked carbohydrate chains is 
the lipid intermediate (Glc- 3 Man 9 GlcNAc2-PP-Doi) (Fig. 2) composed of dolichol. which is polyisoprenoid alcohol com- 
30 prising 18 to 20 isoprene units, and a carbohydrate chain composed of two N-acetylglucosamine residues, nine man- 
nose residues and three glucose residues and bound to said dolichol via pyrophosphoric acid. 

The reaction route leading to the formation of the lipid intermediate is well known as the "dolichol phosphate cycle" 
(Fig. 3). 

The carbohydrate chain portion of the lipid intermediate is transferred as a whole to the Asn residue in an amino 

35 acid sequence (N-glycosylation site), such as Asn-X-Ser/Thr, in a polypeptide chain under formation within the cisterna 
of the rough-surfaced endoplasmic reticulum (rER), whereby an N-glycoside linkage is formed. In the above sequence, 
X may be any amino acid other than proline (Pro). This reaction is known to be catalyzed by "oligosaccharyl trans- 
ferase", a kind of membrane enzyme. Thereafter, the carbohydrate chain undergoes trimming and processing in the 
process of passing through the rER and Golgi body, whereby a carbohydrate chain of the high mannose, hybrid or com- 

40 pfex type is worked up (Fig. 4). It is known that a number of glycosidases and glycosyl transferases are involved in the 
process of trimming and processing. 

While high mannose type carbohydrate chains are often encountered in glycoproteins of animal or plant origin as 
well as in yeast and fungal glycoproteins, it is presumed that carbohydrate chains of the complex type are limited to 
glycoproteins of the animal origin. 

45 N-Glycosylated carbohydrate chains are bound to the Asn residue in Asn-X-Ser/Thr (X being any amino acid other 
than Pro) in polypeptides, as mentioned above. However, many proteins contain an unglycosylated Asn-X-Ser/Thr 
sequence or sequences and the presence of this sequence does not always result in addition of a carbohydrate chain 
thereto. In fact, William J. Lennarz et al. suggest that the three-dimensional structure of a protein is important in induc- 
ing binding of a carbohydrate chain. Their suggestion is based on the finding that simple tripeptides having the 

so sequence Asn-X-Ser/Thr and denatured proteins free of a complicatedly folded spatial structure such as natural pro- 
teins have are comparatively readily glycosylated enzymatically in vitro. 

On the other hand, O-glycosylated carbohydrate chains are bound to the Ser or Thr residue in polypeptides via N- 
acetylgaiactosamine, which is generally followed by galactose, sialic acid, fucose and N-terminal acetylgalactosamine 
[Suzuki et al.: Tanpakushitsu, Kakusan, Koso, 2Q, 513 (1985)]. Unlike the case of the above-mentioned N-glycosylated 

55 carbohydrate chains, it is believed that their synthesis does not involve the rER but is always conducted in the Golgi 
body [Johnson et a!.: Cell, 22, 987 (1 983)]. Also, unlike the case of the N-glycosylated there is no rule on the amino acid 
sequence required for glycosylation. It is known, however, that the tendency toward glycosylation increases when Pro 
occurs in the vicinity, for example in the sequences Pro-Thr/Ser, Thr/Ser-Pro and Thr/ser-X^ Pro (X being any amino 




acid) [Takahashi et al.: Proc. Natl. Acad. Sci. USA, £L 2021 (1984)]. 

Many of the substantial biologic functions of carbohydrate chains in glycoproteins remain unknown. However, a 
number of investigations on glycoproteins have already revealed diverse functions of carbohydrate chains. 

Firstly, it is known that carbohydrate chains stabilize proteins. Retardation in blood clearance is an example. It is 

5 known that human erythropoietin (having no asparagine-linked carbohydrate chain) produced by means of gene intro- 
duction into Escherichia cdi or human erythropoietin enzymatically treated for carbohydrate chain elimination 6hows 
activity in vM but undergoes rapid clearance and shows decreased activity in yjya [Dordal et al.: Endocrinology, Ufi, 
2293 (1985) and Browne et al.: Cold Spr. Harb. Symp. Quant. Biol., 51 693 (1986)]. In the case of human granulocyte 
macrophage colony stimulating factor (hGM-CSF), the natural form of which has two N-glycosylated carbohydrate 

w chains, it is known that the rate of clearance from the rat plasma increases in proportion to the reduction in the number 
of carbohydrate chains [Donahue et al.: Cold Spr. Harb. Symp. Quant. Biol., 51 685 (1986)]. The rate of clearance and 
the site of clearance vary depending on the carbohydrate chain structure as well. Thus, it is known that sialic acid-con- 
taining hGM-CSF undergoes clearance in the kidney while hGM-CSF after sialic acid elimination shows an increased 
rate of clearance and undergoes clearance in the liver. Furthermore, oxacid glycoproteins differing in carbohydrate 

is structure as biosynthesized in a rat liver primary culture system in the presence of different asparagine-linked carbohy- 
drate chain biosynthesis inhibitors were examined for the rate of clearance from the rat plasma and for the rate of clear- 
ance from the rat perfusate. It was found that in both fluids the clearance rates were in the following order: high 
mannose type > carbohydrate chain-deficient type > hybrid type > complex type (natural form) [Gross et al.: Eur. J. Bio- 
chem., 1£2, 83 (1987)]. As another example of stabilization, it is known that carbohydrate chains provide proteins with 

20 protease resistance. In the case of f ibronectin, for instance, inhibition of carbohydrate chain formation by means of tuni- 
camycin results in an increased rate of decomposition of the intracellular product protein, i.e. carbohydrate chain-defi- 
cient fibronectin [Olden et al.: Cell. H 461 [1987)]. It is also known that carbohydrate chain addition increases thermal 
stability and/or freezing resistance. Furthermore, it is known that carbohydrate chains contribute to increased solubility 
of proteins, for example in the case of erythropoietin or p-interferon. 

25 Carbohydrate chains are helpful for proteins to maintain their proper three-dimensional structure. In the case of the 
vesicular stomatitis virus membrane-bound glycoprotein, it is known that removal of the two naturally occurring N-glyc- 
osylated carbohydrate chains results in inhibition of the transport of the protein to the cell surface and that addition of 
new carbohydrate chains to the protein results in recovery of this transport. In this case, it has been revealed that car- 
bohydrate chain elimination leads to induction of the aggregation of one protein molecule with another via disulfide 

30 bond and, as a result, protein transport is inhibited. It is considered that the newly added carbohydrate chains can inhibit 
this aggregation and maintain the proper three-dimensional structure of the protein, thus making the protein transport 
again possible. In the case mentioned above, it has been shown that the sites for new carbohydrate chain addition are 
considerably flexible. To the contrary, it has been found that carbohydrate chain introduction at some sites results in 
complete inhibition of the transport of the protein having natural carbohydrate chains [Rose et al.: J. Biol. Chem., 261 

35 5948 and 5955 (1988)]. 

Instances are also known where antigenic sites on polypeptides are masked by carbohydrate chains. For hGM- 
CSF, prolactin, interferon-?, Rauscher leukemia virus gp70 and influenza hemagglutinin, experiments using polyclonal 
antibodies or monoclonal antibodies to specific regions on peptides have led to the conclusion that the carbohydrate 
chains on these proteins inhibit the reaction with the antibodies. On the other hand, it is also known that carbohydrate 
40 chains in some proteins induce immune reactions. It is thus suggested that carbohydrate chains might play a dual role. 

It is further known that carbohydrate chains themselves are directly involved in the expression of activity of glyco- 
proteins in some instances. Examples are glycoprotein hormones, such as luteinizing hormone, follicle-stimulating hor- 
mone and chorionic gonadotropin. 

Finally, involvement in recognition phenomena may be mentioned as an important function of carbohydrate chains. 
45 Many instances are known where carbohydrate chains are considered to be involved in cell-cell, protein-protein or cell- 
protein recognition phenomena. That different carbohydrate chain structures may be indicative of different sites of in 
vivo clearance is an example. 

In the foregoing, mention has been made of the structures and functions of carbohydrate chains in glycoproteins. 
The means of analyzing the structures and functions of carbohydrates have advanced remarkably, making it possible 
so to analyze physicochemical properties of carbohydrate chains bound to peptide skeletons from various viewpoints. 

In particular, it deserves special mentioned that highly specific enzymes (exoglycosidases) eliminating monosac- 
charides one by one and glycopeptidases or endoglycosidases cleaving the site of binding to a peptide chain without 
damaging either the peptide chain or the carbohydrate chain are now available for use in detailed investigations as to 
the biological roles of carbohydrate chains. It is also possible to add one or more additional carbohydrate chains to pro- 
55 teins by using glycosyltransferase. It is further possible to add sialic acid to the end of a carbohydrate chain by using 
sialyltransferase. Techniques are well known for modifying the carbohydrate chain to be added by using various glyco- 
syltransferase inhibitors or glycosidase inhibitors. 

Although there are some cases where the techniques of carbohydrate chain addition were applied for the purpose 
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of investigating the functions of carbohydrate chains, as in the case of the above-mentioned vesicular stomatitis virus 
membrane glycoprotein, such techniques have never been used for the production of improved polypeptides of high 
commercial value. Generally, many (physiologically active) polypeptides have undesirable properties; for example, they 
are readily cleaved with protease and their activity is reduced, heat treatment reduce their activity, they readily undergo 
clearance when administered to living bodies, and so forth. There have been no cases known as yet in which attempts 
have been made to increase protease resistance, thermal stability or stability in Wood by modifying the wino acid 
sequences of such polypeptides and intentionally adding one or more new carbohydrate chains to the polypeptide of 
interest. The present inventors have developed a means of improving various properties of such polypeptides, as men- 
tioned above, through the intentional addition of one or more new carbohydrate chains to such peptides. 

Generally, many physiologically active polypeptides are disadvantageous in that their activity is readily reduced by 
cleavage with protease or upon beat treatment or that they readily undergo clearance when administered to living ani- 
mals including humans. For instance, urokinase (hereinafter referred to as "UK") is converted to an inactive form upon 
exposure to a protease called thrombin. It is an important task to improve physiologically active polypeptides with 
respect to such properties. 

SUMMARY OF T HE INVENTION 

A method has now been developed of providing physiologically active hG-CSF polypeptides with at least one new 
or additional carbohydrate chain to thereby accomplish the objects described above. The method of modifying the 
amino acid sequence of a polypeptide is to add at least one new carbohydrate chain to the modified polypeptide at a 
desired site, for example in the vicinity of a protease cleavage site. This method includes constructing a DNA coding for 
the modified polypeptide using recombinant DNA technology, constructing a recombinant expression vector with this 
DNA inserted in it, introducing the vector into a microorganism or animal cells and causing the microorganism or cells 
to expr ss the thus modified polypeptide. Upon investigating the properties of several glycosylated polypeptides 
obtained by this method, it was found that these polypeptides had been provided with the properties desired, such as 
protease resistance. The present invention has been completed based on such findings. 

Thus, the invention provides novel hG-CSF polypeptides having an amino acid sequence allowing addition of at 
least one carbohydrate chain, the resultant glycosylated polypeptides, DNAs coding for these polypeptides or glyco- 
sylated polypeptides, recombinant plasmids containing these DNAs, microorganism or animal cells harboring these 
recombinant plasmids, and a method of producing these polypeptides or glycosylated polypetides which use the micro- 
organism or animal cells are all within this invention. 

According to a first aspect of the invention there is provided a polypeptide having an amino acid sequence which 
allows addition of at least one carbohydrate chain thereto, or a glycosylated polypeptide derived from a polypeptide hav- 
ing an amino acid sequence to which at least one carbohydrate chain is added thereto, wherein the carbohydrate addi- 
tion site is created by amino acid substitution in, amino acid deletion from or amino acid insertion into said polypeptide 
and occurs within 8 amino acid residues from the protease cleavage site in said polypeptide, 
wherein said polypeptide or glycosylated polypeptide is a modified human granulocyte colony stimulating factor (hG- 
CSF), with an alanine residue substituted for the first (from the N terminus) amino acid (threonine) residue of hG-CSF, 
a threonine residue for the third (from the N terminus) amino acid (leucine) residue, a tyrosine residue for the fourth 
(from the N terminus) amino acid (glycine) residue, an arginine residue for the fifth (from the N terminus) amino acid 
(proline) residue and a serine residue for the 17th (from the N terminus) amino acid (cysteine) residue; 
and additionally contains an asparagine residue in lieu of the 6th (from the N terminus) amino acid (alanine) residue, or 
an asparagine residue in lieu of the 145th (from the N terminus) amino acid (glutamine) residue and a serine residue in 
lieu of the 147th (from the N terminus) amino acid (arginine) residue. 

In particular, the carbohydrate chain added is an N-glycosytated carbohydrate chain, an O-glycosylated carbohy- 
drate chain or a chemically synthesized carbohydrate chain. 

Preferably, the carbohydrate addition site occurs on a surface site of said polypeptide. 

Preferably, said polypeptide or glycosylated polypeptide has an amino acid sequence selected from the group con- 
sisting of the amino acid sequences shown in Table 3 and Table 4 (below). 

A further embodiment of the invention refers to a deoxyribonucleic acid (DNA) coding for said polypeptide or glyc- 
osylated polypeptide. 

A further embodiment of the invention refers to a recombinant plasmid having said DNA inserted therein. Preferably 
said recombinant plasmid comprises a plasmid DNA having the Escherichia coli tryptophan promoter or the SV40 early 
promoter and a DNA coding for a polypeptide or glycosylated polypeptide inserted in said plasmid DNA at a site down- 
stream from said promoter. Particularly preferred are recombinant plasmids selected from pAS28, pASN6 or pASN145, 
deposited with FRI under accession nos. FERM BP-2069, FERM BP-2070, and FERM BP-2071, respectively. 

A further embodiment of the invention refers to a microorganism or animal cell harboring one of said recombinant 
plasmids. 
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Preferably said microorganism belongs to the species Escherichia coli. and said animal cell is a Chinese hamster 
ovary cell or a Namalwa cell. 

A further errtaodiment of the invention refers to a method of producing a polypeptide or glycosylated polypeptide 
which comprises cultivating a microorganism or animal cell as defined above in a medium to thereby cause accumula- 
tion of a polypeptide or glycosylated polypeptide in the culture and recovering said polypeptide or glycosylated polypep- 
tide from said culture. 

Preferably, said method comprises cultivating said microorganism or animal cell in a medium containing an agent 
that inhibits an enzyme involved in biosynthesis or processing of the carbohydrate chain selected from the group con- 
sisting of 1-deoxynojirjmycia 1-deoxymannojirimycin or swainsonine to thereby change the structure of the carbohy- 
drate chain added to the polypeptide. 

Preferably said microorganism is a strain of Escherichia qsSL a yeast or a fungi and said animal cell is a Chinese 
hamster ovary cell or a Namalwa cell. 

Finally, the present invention provides a pharmaceutical composition, comprising a pharmaceutically effective 
amount of at least one polypeptide or glycosylated polypeptide as defined above optionally in combination with a phar- 
maceutically acceptable carrier or adjuvant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is further illustrated with reference to the following drawings: 

Fig. 1 illustrates the classification of N-glycosylated carbohydrate chains. The symbols used in the figure respec- 
tively have the following meanings and these definitions shall apply throughout the specification and appended 
claims: 

Glc: glucose; Man: mannose; QlcNAc: N-acetylg!ucosamine; Gal: galactose; Sia: sialic acid; Fuc: fucose. 
Fig. 2 illustrates the structures of lipid intermediates. In this figure, TP" stands for pyrophosphoric acid. 
Fig. 3 illustrates the dolichd phosphate cycle. The symbols used in the figure respectively have the following mean- 
ings: 

PA/vV dolichol phosphate; P-P AW : dolichol pyrophosphate; GDP: guanidine diphosphate; UDP: uridine diphos- 
phate; ♦ : glucose; v: mannose; •: N-acetylgiucosamine. 

Fig. 4 illustrates the system of biosynthesis of N-glycosylated carbohydrate chains. The symbols used in the figure 
respectively have the following meanings: 

■ : N-acetylglucosamine; o: mannose; •: galactose; ♦: sialic acid; A: glucose; a: fucose. 

Fig. 5 shows the construction scheme for the plasmid pAS28. 

Fig. 6 shows the construction scheme for the plasmid pASN6. 

Fig. 7(1) shows the construction scheme for the plasmid pt19BD28CN145. 

Fig. 7(2) shows the construction scheme for the plasmid pASN145. 

Fig. 8(1) shows the electrophorogram obtained by subjecting hG-CSF and hG-CSF[ND28] each purified following 
production in Escherichia c^n as well as hG-CSF, hG-CSF[ND28], hG-CSF[ND28N6J and hG-CSF[ND28N145] 
each produced in CHO cells to SDS-polyacrylamide electrophoresis followed by silver staining. 
Fig. 8(2) shows the result of enzyme-labeled antibody staining of proteins on the gel shown in Fig. 8(1) after trans- 
fer onto a nitrocellulose membrane. An anti-hG-CSF monoclonal antibody was used as the antibody. 
Fig. 8(3) is a schematic representation of Fig. 8(2). 

Fig. 8(4) shows the result of SDS-polyacrylamide gel electrophoresis of hG-CSF[ND28] with an O-glycosylated car- 
bohydrate chain newly added thereto and hG-CSF[ND28] without the carbohydrate chain such as carried out with 
respect to chymotrypsin resistance, together with a schematic representation of said result. 
Fig. 8(5) shows the result of SDS-polyacrylamide gel electrophoresis of hG-CSF[ND28N6] with an N-glycosylated 
carbohydrate chain newly added thereto and hG-CSF[ND28N6] without such chain as carried out with respect to 
chymotrypsin resistance, together with a schematic representation of the same. 

Fig. 8(6) shows the result of SDS-polyacrylamide gel electrophoresis of hG-CSF[ND28N145] with an O-glyco- 
sylated carbohydrate chain or N-glycosylated carbohydrate chain newiy added thereto and hG-CSF[ND28N145] 
without such chain as carried out with respect to chymotrypsin resistance, together with a schematic representation 
of the same. 

Fig. 8(7) shows the result of a comparative test of hG-CSF[ND28N6] with an N-glycosytated carbohydrate chain 
newly added thereto and hG-CSF[ND28N6] having no such chain (as a result of elimination of such chain) as car- 
ried out with respect to thermal stability. The symbol o indicates N-glycanase treatment (hG-CSF[ND28N6] after N- 
glycosylated carbohydrate chain elimination) and the symbol • indicates the control (N-glycosylated carbohydrate 
chain-added hG-CSF[ND28N6]). 
(Fig. 9 -13 deleted) 
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Fig. 14(1) and Fig. 14(2) show the process fa synthesizing a cDNA by the Okayama-Berg method and the con- 
struction scheme for a recombinant plasmid containing said cDNA, respectively. 
(Fig. 15 -17 deleted) 

Fig. 18 shows the construction scheme for the plasmid pTrS20. 

Fig. 19 shows the construction scheme for the plasmid pTrS33. 

Fig. 20 shows the construction scheme for the plasmid pTerm2. 

Fig. 21 shows the construction scheme for the plasmid pTSFIO. 

Fig. 22 shows the construction scheme for the plasmid pTA4. 

Fig. 23 shows the construction scheme for the plasmid pAGE105M. 

Fig. 24 shows the construction scheme for the plasmid pAGEt 06. 

Fig. 25 shows the construction scheme for the plasmid pSE1 PA1-5. 

Fig. 26 shows the construction scheme for the plasmid pSEl PA1-9. 

Fig. 27 shows the construction scheme for the plasmid pUC19H. 

Fig. 28 shows the construction scheme for the plasmid pSE 1 PA1 -9A. 

Fig. 29 shows the construction scheme for the plasmid pSE1 PA1 SE1dhfr1 -9A. 

Fig. 30 shows the construction scheme for the plasmid pSElGC3-3. 

Fig. 31 shows the construction scheme for the plasmid pAS3-3. 

(Fig. 32-36 deleted) 

Fig. 37 shows the construction scheme for the plasmid pLA1 . 

Fig. 38 shows the construction scheme for the plasmid pLSA1 . 

Fig. 39 shows the construction scheme for the plasmid pCfTAl . 

Fig. 40 shows the construction scheme for the plasmid pCfTB20. 

Fig. 41 shows the construction scheme for the plasmid pCfTL38. 

Fig. 42 shows the construction scheme for the plasmid pCfWDI . 

Fig. 43 shows the construction scheme for the plasmids pCfT95K19, pCf AA1 and pCfABS. 

Fig. 44 shows the construction scheme for the plasmids pCfBAS and pCf BD28. 

(Fig. 45 - 56 deleted) 

DETAILED DESCRIPTION OF TH E INVENTION 

It is an object of the invention to provide a hG-CSF polypeptide or glycosylated hG-CSF polypeptide with at least 
one new carbohydrate chain and thereby additionally endow the polypeptide or glycosylated polypeptide with at least 
one of the above-mentioned functions of carbohydrate chains. Thus, for instance, it is an object of the invention to sta- 
bilize hG-CSF polypeptides or glycosylated hG-CSF polypeptides by adding one or more new carbohydrate chains 
thereto and thereby retard blood clearance and/or direct said polypeptides or glycosylated polypeptides to specific sites 
in vjyQ. In cases where protease cleavage of polypeptides exerts a great influence on their physiological activity, the 
invention makes it possible to increase their protease resistance through carbohydrate chain addition and thus control 
their physiological activity. 

The formation of an amino acid sequence allowing the addition of a new carbohydrate chain in polypeptides can be 
realized by means such as amino acid substitution in, amino acid deletion from, or amino acid insertion into the 
polypeptides. 

Since asparagine (Asn) is known to be an amino acid for linking an N-glycosylated carbohydrate chain and serine 
(Ser) and threonine (Thr) are each known to be amino acids suited for linking of an O-glycosylated carbohydrate chain, 
it is suitable for the intended purpose to locate one of these linking" amino acids at an appropriate position in the 
polypeptide to be modified. 

Polypeptides modified so that they contain an amino acid to which a carbohydrate chain can be added can be 
obtained preferably by introducing a tripeptide of the formula Asn-X-Thr/Ser (X being any amino acid other than proline) 
into the polypeptides to be modified at an appropriate site. This tripeptide introduction can be carried out by the site- 
directed gene mutation technique. 

In adding a new carbohydrate chain, the site of carbohydrate chain addition is important. As mentioned above, car- 
bohydrate chain addition will not occur at certain sites on polypeptides or, in some instances, addition of a new carbo- 
hydrate chain, even if it has occurred, may result in destruction of the appropriate three-dimensional structure of the 
polypeptide, which may lead to inhibition of membrane transport or loss of activity. Therefore, it is necessary that the 
site of addition of a new carbohydrate chain should be located at least at a surface site region of the polypeptide. When 
the three-dimensional structure of a polypeptide is already known, the surface sites of this polypeptide are apparent, so 
that the site or sites of addition can be readily determined. To minimize activity loss due to the addition of one or more 
carbohydrate chains, it is desirable that the site or sites of addition should be as remote from the active site as possible. 
In the case of polypeptides the three-dimensional structure and active site of which are known, the addition site or sites 
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can be selected with due consideration for the above. On the other hand, when the three-dimensional structure of a 
polypeptide is unknown, the surface sites can be estimated by calculating the hydrophilicity of the polypeptide on the 
basis of its primary structure. It is also possible to estimate the locus or loci where a turn structure is likely formed by 
anticipating the secondary structure based on the primary structure by the method of Chou and Fasman [Biochemistry, 
13, 211 (1974); Biochemistry, 12, 222 (1974); Adv. Enzymol., 4L 45 (1978)] or by the method of Robson [J. Mol. Biol., 
107. 327 (1 976) ; ibid. . 120. 97 (1 978)]. Furthermore, more detailed information may be obtained about the surface sites 
by treating with various kinds of proteases and identifying readily cleavable sites. Since it is thought highly probable that 
the vicinity of a protease cleavage site occurs on the surface of the polypeptide in question, such vicinity would become 
the best target site for carbohydrate chain addition when one attempts to add one or more carbohydrate chains to the 
polypeptide efficiently or to produce a carbohydrate chain-added (i.e. glycosylated) polypeptide comparable in activity 
to the corresponding naturally occurring protein. Furthermore, it can be expected that a polypeptide glycosylated in the 
vicinity of a protease cleavage site would be resistant to the relevant protease. The vicinity of a protease cleavage site 
thus may be said to be a very suitable carbohydrate chain addition site for stabilizing the polypeptide, ft is desirable and 
preferable that a carbohydrate chain addition site should be introduced into a polypeptide within the range of 8 amino 
acid residues from a protease cleavage site. 

Irrespective of whether the three-dimensional structure is known or unknown, it is necessary to actually introduce 
carbohydrate addition sites into some of the sites selected in the above manner so that whether glycosylation can actu- 
ally take place there can be confirmed, ft is also necessary to evaluate the glycosylated polypeptides obtained as to 
whether they retain biologically activity, whether there is a loss in activity or whether they have some or other additional 
desirable function, and from other viewpoints. 

Polypeptides are glycosylated as follows. First, a DNA coding for a mutant polypeptide so modified that it has, at a 
desired site, for example in the vicinity of a protease cleavage site, an amino acid sequence which allows new carbo- 
hydrate chain addition is constructed by using recombinant DNA techniques. Then, the DNA is inserted into an expres- 
sion vector and the resulting recombinant is introduced into microbial cells (yeast cells, fungal cells, etc.) or animal cells 
(CHO cells, Namalwa cells, etc.) and expression is caused, and a newly glycosylated polypeptide can be obtained. For 
causing addition of an N-glycosylated carbohydrate chain, the DNA should be such that it contains an N-glycosylation 
site (Asn-X-Ser/Thr; X being any amino acid other than Pro). Such DNA coding for a mutant polypeptide can be con- 
structed in the manner of site-directed mutagenesis or by using a synthetic DNA linker. 

The function or functions of a carbohydrate chain greatly depend on the structure thereof. Therefore, it is also 
important that the structure of the carbohydrate chain to be added should be modified so that the carbohydrate chain 
selected can add a better property to the glycosylation product. The present invention includes the process for such 
optimization as well. As the methods for modifying the carbohydrate chain structure, there may be mentioned the fol- 
lowing, among others: 1) Change of the protein-producing host; 2) Cultivation of microorganism or animal cells harbor- 
ing the above-mentioned recombinant plasmid in a medium containing an agent (inhibitor) that inhibits an enzyme 
involved in biosynthesis or processing of carbohydrate chains, such as 1 -deoxynojirimycin, 1-deoxymannonojirmycin or 
swainsonine; and 3) Treatment of glycosylated proteins with various glycosidases, such as siaiidase, p-galactosidase, 
p-N-acetylglucosaminidase, p-mannosidase and endoglycosidase, or glycosyltransferases, such as sialyttransf erase. 

A more detailed description will be given below for polypeptides or glycosylated polypeptides according to the 
invention derived from hG-CSF. 

Analysis of hG-CSF and the hG-CSF derivative hG-CSF[ND 28] (cf. Reference Example 16) each produced in and 
purified from Escherichia cofi using recombinant DNA techniques has revealed that a site behind the 144th (from the N 
terminus) amino acid phenylalanine (Phe) residue of the mature hG-CSF polypeptide is susceptible to proteolysis by 
chymotrypsin. As for hG-CSF[ND28], it has also been revealed that four to seven N-terminal amino acid residues are 
susceptible to cleavage with various protease species (subtilisin, chymotrypsin, trypsin, etc.). ft is known that hG- 
CSF[ND28] is more active than mature hG-CSF produced in and purified from Escherichia coli. On the basis of the 
above findings, it is estimated that, in hG-CSF[ND28], a portion close to the N terminus and a portion in the vicinity of 
the 144th (from the N terminus) amino acid are found on the polypeptide surface. Therefore, an attempt was made to 
add a carbohydrate chain to hG-CSF[ND28] on the 6th or 145th (from the N terminus) amino acid residue thereof. An 
hG-CSF[ND28] derivative which has a carbohydrate chain addition site on the 6th (from the N terminus) amino acid res- 
idue is hG-CSF[ND28N6] and a derivative which has a carbohydrate chain addition site on the 145th (from the N termi- 
nus) amino acid residue is hG-CSF-[ND28N1 45]. In these cases, it is expected that the carbohydrate chain addition can 
result in development of protease resistance. Retardation of blood clearance can also be expected as a result of stabi- 
lization of the polypeptide. 

The amino acid sequences of hG-CSF, hG-CSF[ND28], hG-CSFIND28N6] and hG-CSF[ND28N145] used in illus- 
trating the present invention are shown in Table 1 , Table 2, Table 3 and Table 4, respectively. 
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Table 1 



10 20 30 40 SO 60 

ACCCCCCTGG6CCCTGCCAGCTCCCTGCCCCAGAGCTTCCTGCTCAAGTGCTTAGAGCAA 
ThrProleuGlyProAlaSerSerleuProGlnSerPheteuLeulysCysleuGluGIn 

70 80 90 100 110 120 

GTGAGGAAGATCCAGGGCGATGGCGC AGCGCTCCAGGAGAAGCT6TGTGCCACCTACAAG 
ValArglysIleGlnGlyAspGlyAl eAl aleuGI nGl ulysLeuCysA 1 aThrTyrlys 

130 140 150 160 170 160 

CTG7GCCACCCCGAGGAGCTGGTGCTGCTCGGACACTCTCTGGGCATCCCCTGGGCTCCC 
leuCysHisProGluGluleuVaUeuleuGlyHisSerleuGlyneProTrpAlePro 

190 200 210 220 230 240 

CT6AGCA6CTGCCCCAGCCAG6CCCTGCAGCT6GCAGGCTGCTT6AGCCAACTCCA7AGC 
LeuSerSerCysProSerGlnAlaleuGlnleuAlaGlyCysleuSerGlnleuHisSer 

250 260 270 280 290 300 

GGCC7TTTCCTCTACCAGGGGCTCCTGCAGGCCCTGGAAGGGATCTCCCCCGA6TTGGGT 
GlyleuPheleuTyrGlnGlyleuLeuGlnAlaleuGluGlylleSerProGluleuGly 

310 320 330 340 350 . 360 

CCCACCTTGGACACACT6CAGCTG6ACGTCGCCGACTTTGCCACCACCATCTGGCAGCAG 
ProThrLeuAspThrLeuGlnLeuAspValAUAspPheAlaThrThrlleTrpGlnGln 

370 380 390 400 410 420 

ATGGAAGAACTGGGAATGGCCCCTGCCCTGCA6CCCACCCAGGGTGCCATGCC6GCCTTC 
MetG1uGluLeuG1yMetAlaProAlaLeuG1nProThrG1nG1yAlaMetProA1aPhe 

430 440 450 460 470 480 

6CCTCT6CTTTCCAGC6CCGGGCAGGA6GG6TCCTAGTTGCCTCCCATCTGCA6AGCTTC 
AlaSerAlaPheGlnArgArgAlaGlyGlyVaUeuValAUSerHisleuGlnSerPhe 

490 500 510 520 

CTGGAGGTGTCGTACC6CGTTCTACGCCACCTTGCCCAGCCCTGA 
Leu61uValSerTyrAr9VaUeuArgHisUuAlaGlnPro*** 
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Tabl 2 



10 20 30 40 50 60 

GCACCAACATATCGCGCCTCGAGTCTACCACAGAGCTTCCTTTTAAAAAGCTTAGAGCAA 
Ale?ro ThrTyrArg A1aSerSerLfeuProG1nSerPheleulgulysSerLeu61u61r. 

70 80 90 100 110 120 

GTGAG6AAGATCCAGGGC6ATGGCGCAGCGCTCCA6GAGAAGCTGTGTGCCACC7ACAAG 
VaUrslysIleGlnGlyAspGlyAlaAlaleuGlnGlulysleuCysAlaThrTyrLys 

130 140 150 160 170 ISO 

C7GT6CCACCCCGAGGAGCTGGIGCTGCTCGGACACTCTCTGGGCATCCCCTGGGCTCCC 
LeuCysHisProGluGluleuVaUeuleuGlyHisSerleuGlylleProTrpAUPro 

190 200 210 220 230 240 

CTGAGCAGCTGCCCCAGCCAGGCCCTGCAGCTGGCAGGCTGCTTGAGCCAACTCCATA6C 
LeuSerSerCysProSerGlnAlaLeuGlnLeuAUGlyCysLeuSerGlnleuHisSer 

250 260 270 280 ' 290 300 

GGCCTTTTCCTCTACCAGGGGCTCCT6CAGGCCCTGGAAGGGATCTCCCCCGAGTTGGGT 
G1yleuPheteuTyrG1nG1yleuleu61nAlaleoGlu61yIleSerProGluleuGly 

310 320 330 340 350 360 

CCCACCT.T6GACACACTGCA6CTG6AC6TCGCCGACTTT6CCACCACCATCT6GCA6CAG 
ProThrleuAspThrleuG1nleuAspVa1AlaA$pPheA1aThrThrIleTrpG1n61n 

370 380 390 . 400 410 420 

AT6GAAGAACTGGGAATGGCCCCTGCCCTGCA6CCCACCCAGGGTGCCATGCC6GCCTTC 
MetG1uG1uleuGlyMetAlaProA1aleuG1nProThr61nG1yAlaMetProAlaPhe 

430 440 450 460 470 480 

GCCTCTGCTTTCCAGCGCCGGGCAGGAGGGGTCCTAGTTGCCTCCCATCTGCAGAGCTTC 
AlaSerAlaPheG1nArgArgAlaGlyGlyValleuVa1AlaSerH1sleu6lnSerPhe 

490 500 510 520 

CTGGAGGTGTCGTACCGCGTTCTAC6CCACCTTGCCCAGCCCT6A 
LeuGluValSerTyrArgValLeuArgHisleuATaGlnPro*** 
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Table 1 



10 20 30 40 50 60 

GCACC7AC67A7CGCAAC7CGAG7C7ACCACAGAGCTTCC7777AAAAA6C7TAGAGCAA 
AUPro 7hr7yrArgAsn SerSerLeuProG1nSerPheLeuLeuLys Ser Leu61u61n 

70 80 90 10C 110 120 

GTGAGGAAGATCCAGGGCGATGGCGCAGCGCTCCAGGAGAAGCTGTGTGCCACCTACAAG 
VaUrglysIleGlnG1yAspG1yA1aA1aleuGlnG1uLysleuCysAU7hr7yrlys 

130 140 150 160 170 180 

CTGTGCCACCCCGAGGAGCTGGTGC7GCTCGGACAC7C7CTGGGCATCCCCTGGGCTCCC 
LeuCysHisProG1uGluLeuVaUeuleuGlyKisSerleuG1yIlePro7rpAlaPro 

190 200 210 220 230 240 

C7GAGCAGC7GCCCCAGCCAGGCCCTGCAGCTGGCAGGC7GC7TGAGCCAACTCCA7AGC 
LeuSerSerCysProSerGlnAlaleuGlnleuAlaGlyCysleuSerGlnleuHisSer 

250 260 270 280 290 300 

GGCC7777CC7C7ACCAG6GGCTCCTGCAGGCCCTGGAAGGGATC7CCCCCGAG7TG66T 
GlyleuPheteu7yrGlnGlyleuLeuGlnAl aL euG 1 uGlyll eSerProGI uLeuGly 

310 320 330 340 ' 350 360 

CCCACCT7GGACACAC7GCAGCtGGACG7CGCCGAC7T7GCCACCACCATC7GGCA6CA6 
Pro7hrleuAsp7hrleuG1nLeuAspValAlaAspPheA1aThrThrIleTrpGlnGln 

370 380 390 400 410 420 

A7GGAAGAACTGGGAA7GGCCCC7GCCCT.GCAGCCCACCCAG6GTGCCAT6CCGGC-C77C 
Met61uG1uleuG1yMetAlaProAlaleu61nPro7hr61nG1yA1aKetProAlaPhe 

430 440 450 460 470 480 

GCCTC7GC7TTCCAGCGCCGGGCAGGAG6GGTCC7AGT7GCC7CCCA7CTGCAGAGC7TC 
AlaSerAlaPheGlnArgArgAlaGlyGlyVaUeuValAlaSerHisLeuGlnSerPhe 

490 500 510 520 

C7GGAGG7G7CG7ACC6CGTTCTACGCCACCT7GCCCAGCCC7GA 
UuGluValSerTyrArgVaUeuArgHisleuAlaGlnPro*** 
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Table 4 



10 20 30 40 50 '* 60 

GCACCAACATATCGCGCCTCGAGTCTACCACAGAGCTTCCTTTTAAAAAGCTTAGAGCAA 
AT aP ro ThrTyrArg AI aSerSerLeuPr oGI nSerPheleuleulys Ser lcuGluGIn 

70 80 90 100 110 120 

G7GAGGAAGATCCAGGGCGATGGCGCAGCGCTCCAGGA6AAGCT67GTGCCACCTACAAG 
VslArglysIUGInGlyAspGlyAI eAUleuGI nGlulysleuCysAUThrTyrlys 

130 HO 150 160 17'0 180 

CTGTGCCACC CCGAGGAGCTGGTGCTGCTCGGACACTCTCTGGGCATCCCCTGGGCTCCC 
UuCysKisProGluGluleuValLeuleuGlyKi sSerleuGlylleProTrpAUPro 

190 200 210 220 230 240 

CTGAGCAGCTGCCCCAGCCAGGCCC7GCAGCTGGCAGGCTGCTTGAGCCAACTCCATAGC 
LeuSerSerCysProSerGlnAlaleuGlnleuAl aGlyCysleuSerGlnLeuHisSer 

250 260 270 280 290 300 

GGCCTTTTCCTCTACCAGGGGCTCCT6CAGGCCCTGGAAGGGATCTCCCCCGAGTT6GGT 
GlyleuPheleuTyrGlnGlyleuLeuGlnAl ateuG1u61yIleSerPro61uleuGly 

310 320 330 340 350 360 

CCCACCTTGGACACACTGCAGCTGGACGTCGCCGACTTTGCCACCACCATCTGGCAGCAG 
PrpThrLeuA$pThrLeuGlnLeuA$pValAlaAspPheAUThrThrI1eTrpGln61n 

370 380 390 400 410 " 420 

ATGGAAGAACTGGGAATGGCCCCT6CCCT6CA6CCCACCCAGG6TSCCAT6CC6GCCTTC 
HctG1uGluLeuG1ytletA1aProAnLcu61nProThrGln61yAlaMctProAnPhe 

430 440 4S0 460 470 480 

GCCTCTGCTTTCAATCGATCG6CAGGAGGGGTCCTAGTTGCCTCCCATCTSCAGAGCTTC 
A1aS€rAUPheAsnArgSerAU61y61yValLeuVa1A1aSerH1sleuGTnScrPh€ 

490 500 510 520 

CTGGAGGTGTCGTACCGCGTTCTACGCCACCTTGCCCAGCCCT6A 
LcuGluValSerTyrArgYalLeuArgHisLeuAlaGlnPro*** 



The hG-CSF, hG-CSF[ND28], hG-CSF[ND28N6] and hG-CSF[ND28N145] can be produced by constructing DNAs 
respectively coding for hG-CSF, hG-CSF[ND28], hG-CSF[ND28N6) and hG-CSF[ND28N145] by recombinant DNA 
techniques, inserting them into an appropriate expression vector, introducing the resulting recombinants into animal 
cells and causing expression thereof in said animal cells. In the case of hG-CSF[ND28N6] or hG-CSF[ND28N145] 
among the polypeptides thus obtained, a new carbohydrate chain (N-glycosylated carbohydrate chain) is added to 
about one third of the whole hG-CSF produced. Comparison in protease susceptibility between the newly or additionally 
glycosylated species and new glycosylation-free species of hG-CSF[ND28N6] or hG-CSF[ND28N145] has revealed 
that the newly glycosylated species is more resistant to protease. In the case of hG-CSF[ND28N6], it has also been 
found that the additionally glycosylated species is more stable against heat as compared with the species deprived of 
the new carbohydrate chain enzymatically. This finding has proved the efficacy of the invention. It has further been 
revealed that hG-CSF[ND28], when it is an expression product in animal cells, can have an additional O-glycosylated 
carbohydrate chain added thereto. In this case, too, the additionally O-glycosylated species is more resistant to pro- 
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tease. 

When the polypeptide or glyooslated polypeptide according to the invention is hG-CSF a cDNA obtained by causing 
reverse transcription of a messenger RNA coding for hG-CSF by using appropriate recombinant DNA techniques, a 
DN A coding for hG-CSF as obtained from a chromosomal DNA, a synthetic DNA coding for hG-CSF or the like may be 
5 used as the DNA coding for hG-CSF. 

The hG-CSF cDNA may be any DNA provided that it codes for hG-CSF. As a specific example, there may be men- 
tioned pCSF2, which has been produced by the present inventors as described in Reference Example 4. 

The hG-CSF cDNA in pCSF2 has been identified by the dideoxy sequencing method using M1 3 phage [J. Messing 
et al.: Gene, IS, 269 [1982)]. The hG-CSF cDNA in pCSF2 contains the whole mature protein portion although a part 
to of the signal sequence is missing therein. The base sequence of this mature protein portion is shown in Table 1 . 

The plasmid to be used for insertion thereinto of a DNA coding for hG-CSF may be any plasmid provided that said 
DNA can be expressed in Escherichia coli or animal cells. Preferred for the expression of hG-CSF in Escherichia soli 
are plasmids which allow insertion of a foreign DNA thereinto at a site downstream from an appropriate promoter, such 
as a trp or lac promoter, and in which the distance between the Shine-Dalgarno sequence (hereinafter abbreviated as 
75 SD sequence) and the initiation codon (ATG) ha6 been adjusted to an appropriate length, for example 6 to 18 bases. 
As preferred specific examples, there may be mentioned pKYPIO (JP-A-58-1 10600 or US. patent 4,686,191 ; the term 
"JP-A" as used herein means an "unexamined published Japanese patent application) and PTrS33 (Reference Exam- 
ple 5), each created by the present inventors. 

The plasmid to be used for the expression of a DNA coding for hG-CSF in animal cells may be any plasmid pro- 
20 vided that said DNA can be expressed in animal cells. Preferred are those plasmids which allow insertion of a foreign 
DNA thereinto at a site downstream from an appropriate promoter, such as the SV40 early promoter or SV40 late pro- 
moter, and which have a poiy(A) signal, splicing signal and so forth. 

As preferred specific examples of the plasmid, there may be mentioned pAGE103 [Minagami et al.: J. Biochem., 
101. 1307-1310 (1987)], pSE1 PA1-9A and pSE1 PAlSE1dhfrl-9A (Reference Example 9), each created by the present 
25 inventors. 

An Escherichia coli strain harboring pAGE103 has been deposited since March 23, 1987 with the Fermentation 
. Research Institute under the designation Escherichia coli EAGE1 03 (FERM BP-1 31 2) in accordance with the Budapest 
Treaty. As a plasmid containing the dihydrofolate reductase (hereinafter abbreviated as dhfr) gene as a selective 
marker, there may be mentioned pSV2-dhfr [S. Subramani et al.: Mol. Ceil. Biol., 1 854 (1981)]. 

30 The recombination between the DNA coding for the novel polypeptide or glycosylated polypeptide of hG-CSF and 
the vector DNA can be carried out by ordinary recombinant DNA techniques of digesting both DNA with restriction 
enzymes and conducting ligation using T4 DNA ligase. The ligation may also be carried out following filling in of the 
ends of the DNA fragments obtained by digestion with restriction enzymes using DNA polymerase I Klenow fragment 
or T4 DNA polymerase, or following paring off of the cohesive ends of such fragments using T4 DNA polymerase, or 

35 using a DNA linker. 

The following describes several cases in which recombinant plasmids with a DNA coding for a novel polypeptide or 
glycosylated polypeptide of hG-CSF being incorporated therein are constructed using pCSF2 as the hG-CSF cDNA- 
containing plasmid and, if necessary, using a chemically synthesized linker or applying 6ite-directed mutagenesis. 

First, an illustration is given of a case in which a recombinant plasmid, pAS28, is constructed for the expression of 
40 the hG-CSF derivative hG-CSF[ND28] (cf. Reference Example 16) in animal cells. 

As shown in Fig. 5, pAS3-3 (Reference Example 10) is cleaved with hM and Apa LI and a DNA fragment about 3.0 
kb in size is purified. Separately, the same plasmid is cleaved with Aat ll and MM and a DNA fragment about 6.3 kb in 
size is purified. Further, separately, pCf BD28 (cf. Reference Example 1 6) is cleaved with ^atll and £hQl and a DNA frag- 
ment about 0.3 kb in size is purified. These three DNA fragments and the synthetic DNA shown in Fig. 5 are ligated 
45 together using T4 DNA ligase to give pAS28. 

Then, another illustration is given of a case in which a recombinant plasmid, pASN6, coding for a novel hG-CSF 
polypeptide, which is a modification of hG-CSF[ND28] and has an N-glycosylated carbohydrate chain addition site on 
the 6th (from the N terminus of hG-CSF[ND28]) amino acid residue, is constructed. 

As shown in Fig. 6, pAS3-3 is cleaved with and Apa LI and a DNA fragment about 3.0 kb in size is purified. 
so Separately, pAS28 is cleaved with Xho l and Mlu l and a DNA fragment about 6.55 kb in size is purified. These two DNA 
fragments and the synthetic DNA shown in Fig. 6 are ligated together in the presence of T4 DNA ligase to give pASN6. 

Now, another illustration is given of a case in which a recombinant plasmid, pASN145, coding for a novel hG-CSF 
polypeptide which is a modification of hG-CSF[ND28] and has an N-glycosylated carbohydrate chain addition site on 
the 145th (from the N terminus of hG-CSF[ND28]) amino acid residue is constructed. 
55 The construction of pASN145 is carried out using site-directed mutagenesis. As shown in Fig. 7-(1), pCfBD28 is 
cleaved with Pyjjll and Bam HI and a DNA fragment about 0.94 kb in size is purified. Separately, the M13 phage vector 
M13mp19 RF DNA is cleaved with Smal and Bam HI and a DNA fragment about 7.24 kb in size is purified. The thus- 
obtained two DNA fragments are ligated together in the presence of T4 DNA ligase to give pt19BD28C. Then, this 
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pt19BD28C is used to transfect Escherichia co>i JM105. Single-stranded pt19BD28C is obtained from the phage 
obtained above. As also shown in Fig. 7-(1). the M1 3mpl 9 RF DNA is cleaved with HiDdlll and EcqRI and a DNA frag- 
ment about 7.2 kb in size is purified. This DNA fragment (about 7.2 kb) and the single-stranded ptl9BD28C obtained 
above are mixed together and subjected to denaturing treatment, followed by annealing. The thus-formed gapped 

5 duplex DNA is purified. After annealing of this gapped duplex DNA with the synthetic DNA shown in Fig. 7-(1), the 
annealing product is circularized using the Klenow fragment and T4 DNA ligase. The resulting circular DNA is used to 
transfect Escherichia cdi JM1 05 to give pt1 9BD28CN1 45 with site-directed mutagenesis introduced therein. 

Then, as shown in Fig. 7-(2), pt19BD28CN145 is cleaved with Eg[l and Bam Hl and a DNA fragment about 0.85 kb 
in size is purified. Separately. pCfBD28 is cleaved with Bam Hl and Bg[l and a DNA fragment about 3.25 kb in size is 

10 purified. The two DNA fragments thus obtained are ligated together in the presence of T4 DNA ligase to give 
pCfBD28N145. 

Then, as also shown in Fig. 7-(2), pCf BD28N1 45 is cleaved with Ban lll and Bam Hl and a DNA fragment about 1 .3 
kb in size is purified. The thus-obtained DNA fragment (about 1 .3 kb) is cleaved with Ddel, treated with DNA polymer- 
ase Klenow fragment for filling in the cohesive ends and then further cleaved with AalU, and a DNA fragment about 0.2 

is kb in size is purified. Separately, pAS28 is clsaved with A&ili an £hcj and a DNA fragment about 0.8 kb in size is puri- 
fied. Further, separately, pSE1 PA1SE1dhfr1-9A (Reference Example 9) is cleaved with Smal and XbQl and a DNA frag- 
ment about 8.7 kb in size is purified. The thus-obtained three DNA fragments (about 0.2 kb, about 0.8 to and about 8.7 
kb in size) are ligated together in the presence of T4 DNA ligase to give pASN1 45. 

The reaction conditions for use in the above-mentioned recombination techniques are generally as follows. 

20 The DNA digestion reaction with an restriction enzyme or enzymes is generally carried out in a reaction mixture 
containing 0.1 to 20 |ig of DNA, 2 to 200 mM (preferably 10 to 40 mM) Tris-HCI (pH 6.0 to 9.5, preferably pH 7.0 to 8.0), 
0 to 200 mM NaCI and 2 to 20 mM (preferably 5 to 10mM) MgCI 2 in the presence of 0.1 to 100 units (preferably 1 to 3 
units per microgram of DNA) of each restriction enzyme at 20° to 70°C (the optimal temperature varying depending on 
the kind of restriction enzyme) for 15 minutes to 24 houra The reaction is terminated generally by heating at 55 to 75°C 

25 for 5 to 30 minutes. It is also possible to inactivate the restriction enzymes used by means of phenol, diethyl pyrocar- 
bonate or the like reagent. 

The DNA fragments resulting from restriction enzyme digestion or the gapped duplex DNA can be purified by low 
melting point agarose gel electrophoresis (hereinafter referred to as "LGT method" for short) [L Wieslander: Analytical 
Biochemistry, 98, 305 (1979)] or by the agarose gel freezing-thawing method [hereinafter abbreviated as "AFT 

30 method"). The AFT method comprises adding an equal volume of TE buffer [1 0 mM Tris-HCI (pH 7.5), 1 mM EDTA] and 
2 volumes of phenol (saturated with TE buffer) to a slice of DNA fragment-containing agarose gel (0.7 to 1 .5%), achiev- 
ing admixture, repeating a freezing (-70°C)-thawing (65°C) cycle two times, centrifuging, separating the resulting upper 
aqueous solution layer and recovering the DNA fragment by precipitation with ethanol. The DNA fragments can also be 
eluted and purified from agarose gel or poiyacrylamide gel by using an Atto model Maxfield AE-3241 DNA fragment 

35 recoverer. The latter method is hereinafter referred to as "electrocution method". 

The ligation of DNA fragments is conducted in a reaction medium containing 2 to 200 mM (preferably 10 to 40 mM) 
Tris-HCI [pH 6.1 to 9.5, preferably pH 7.0 to 8.0), 2 to 20 mM (preferably 5 to 10 mM) MgCl 2 , 0.1 to 10 mM (preferably 
0.5 to 2.0 mM) ATP and 1 to 50 mM (preferably 5 to 10 mM) dithiothreitol (hereinafter sometimes referred to as "DTT") 
in the presence of 1 to 1 ,000 units of T4 DNA ligase at 1 to 37°C (preferably 3 to 20°C) for 15 minutes to 72 hours (pref- 

40 erably 2 to 20 hours). 

The recombinant piasmkJ DNA resulting from the ligation reaction is introduced into Escherichia gcji using the 
transformation method of Cohen et al. [S. N. Cohen et al.: Proc. Natl. Acad. Sci. USA, S2, 21 10 (1972)] or the transfor- 
mation method of Hanahan [J. Mol. Biol., 16&, 557 (1983)), as necessary. 

The recombinant M13 phage RF DNA resulting from the ligation reaction is introudced into Escherichia spji JM105 
45 [J. Messing et al. : Gene, 2S. 1 03 (1 985)] using the known transfection method [Y. Kuchino et al. : Tanpakushitsu, Kaku- 
san, Kbso, 22. 294 (1984)] as necessary. 

DNA isolation from Escherichia ccJi harboring any recombinant plasmid DNA or recombinant M13 phage RF DNA 
is performed by the method of Birnboim et al. [H. C. Birnboim et al.: Nucleic Acids Res., 2. 1513 [1979)]. for instance. 
Single-strand DNA isolation from the recombinant M13 phage is performed by the known method [Y. Kuchino et al.: 
so Tanpakushitsu, Kakusan, Koso, 2& 294 (1984)]. 

The deoxyoligonucleotides to be used in the practice of the invention can be synthesized by solid-phase synthesis 
by the phosphoric amidite method [S. L Beaucage et al.: Tetrahedron Lett., 2Z, 1859 (1981); L. J. BcBrie et al.: ML, 
24, 245 (1983)] using an Applied Biosystems model 380A DNA synthesizer (Applied Biosystems Inc., Foster City, CA 
94404). For ligating any of the deoxyoligonucleotides thus synthesized to another DNA fragment, about 20 picomoles 
55 of the deoxyoligonucleotide is 5'-phosphorylated in 20 fxl of T4 kinase buffer [50 mM Tris-HCI (pH 7.6), 10 mM MgCI 2 , 
5 mM DTT, 0.1 mM EDTA, 0.5 mM ATP] in the presence of 5 units of T4 DNA kinase. For use as a probe for hybridiza- 
tion, ihe deoxyoligonucleotide is radiolabeled at the 5* end by using 20 to 50 *iCi of [r 32 P]ATP (3,000 Ci/mmol; Amer- 
sham, Arlington Heights, II) in place of 0.5 mM ATP in the above-mentioned T4 kinase buffer. 
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Structural analysis of plasmid DNAs is performed by digesting each plasmid with 1 to 10 different restriction 
enzymes and then checking cleavage sites by agarose gel electrophoresis or polyacrylamide gel electrophoresis. 
Determination of the base sequence of a DNA, if necessary, can be made by the dideaxy sequencing method using 
M1 3 phage. 

The polypeptide or glycosylated polypeptide according to the invention can be produced using Escherichia fiQli or 
animal cells as hosts. Examples of the host & co!i include the strain K-12 NY49, HB101 and C600SF8. Examples of 
the host animal cells include a Chinese hamster ovary (CHO) cell and a Namalwa cell. 

The novel hG-CSF polypeptide of the present invention is produced using Escherichia coli as the host in the follow- 
ing manner. 

Escherichia coli K-12 MM294 [Backman K., et al., Proc. Natl. Acad. Sci. USA., Zi, 4174 (1976)] is transformed with 
a plasmid (e.g. pCfBD28N145) and an Escherichia coli strain harboring pCfBD28N145 is selected from among the 
ampicillin-resistant (Ap r ; hereinafter the same shall apply) colonies obtained. The pCfBD28N145-bearing Escherichia 
coli strain is cultivated in a medium, whereby the novel hG-CSF polypeptide is produced in the culture. 

The medium to be used here may be either a synthetic one or a nature-derived one provided that it is suited for the 
growth of Escherichia coli and the production of the novel hG-CSF polypeptide. 

Thus, usable as the carbon source are glucose, fructose, lactose, glycerol, mannitol, sorbitol and the like. Usable 
nitrogen sources are NH 4 CI. (NH 4 ) 2 S0 4 , casamino acids, yeast extract, polypeptone, meat extract, Bacto-tryptone, 
corn steep liquor and the like. Usable as other nutrient sources are K 2 HP0 4 , KH 2 P0 4 , NaCI. MgS0 4 , vitamin B^ 
MgCl2, etc. 

The cultivation is carried out at pH 5.5 to 8.5, at a temperature of 18 to 40°C, with aeration and stirring. After 5 to 
90 hours of cultivation, the accumulation of the novel hG-CSF polypeptide in cultured cells becomes substantial. Cells 
are then harvested from the culture and disrupted by sonication, and the cell detritus mass is recovered by centrifuga- 
tion. The novel hG-CSF polypeptide can be extracted from the cell detritus mass, followed by purification, solubilization 
and renaturation, by the method of Marston et al. [F. A. O. Marston et al.: BIO/TECHNOLOGY, 2, 800 (1984)) or by the 
method of Pennica et al. [Nature, 3QL 214 (1983)] or by the method of WinWer et al. [BIO/TECHNOLOGY, & 990 
(1985)]. 

Now, mention is made of method of producing a novel hG-CSF polypeptide or a novel glycosylated hG-CSF 
polypeptide using animal cells as hosts. 

The host to be used for the expression of a novel hG-CSF polypeptide or a novel glycosylated hG-CSF polypeptide 
may be any animal cell line provided that it allows expression of said polypeptide or glycosylated polypeptide. As pre- 
ferred specific animal cells, there may be mentioned, among others, dhfr-deficierrt CHO cells [G. Urlaub and L A. Cha- 
sin: Proc. Natl. Acad. Sci. USA, ZL 4216 (1980)]. 

In the following, mention is made of case where a novel hG-CSF polypeptide or novel glycosylated hG-CSF 
polypeptide is produced using pASN6 as the plasmid for the expression of the novel hG-CSF and dhfr-deficierrt CHO 
cells as the hosts. 

The plasmid pASN6 is introduced into dhfr-deficient CHO cells, for example by the calcium phosphate method 
[Graham and Van der Eb: Virology, 52, 546 (1978)]. A transformant harboring pASN6 can be selected, for example by 
using MEM ALPHA medium (ribonucleic acid- and deoxyribonucleic acid-free; Gibco-Oriental) containing G418 and 
dialyzed fetal calf serum. It is also possible to select a transformant strain in which the novel hG-CSF polypetide gene 
has been amplified from among transformants by using methotrexate. The transformant strain thus obtained is grown 
in a medium, whereby the novel hG-CSF polypeptide or novel glycosylated hG-CSF polypeptide is formed in the cul- 
ture. 

The medium to be used is, for example, HAM F10 medium or HAM F12 medium (Flow Laboratories), Dulbecco's 
MEM medium or RPMI-1640 medium (Nissui Pharmaceutical) or MEM ALPHA medium, each supplemented with a 
serum (e.g. fetal bovine serum), or a mixed medium composed of two or more of these. As necessary, glutamine (0.5 
to 5 mM), an antibiotic [penicillin (25 U/ml), streptomycin (25 jig/ml), G418 (0.3 mg/ml), etc.], sodium bicarbonate 
(0.01%), and/or the like may be added to the medium each in an appropriate amount. 

For the cultivation, various types of culture bottle, dish, roller bottle, spinner flask, jar fermenter and other vessels 
can be used. The cultivation is generally carried out at a seed cell density of 5 x 10 4 to 1 x 10 6 cells/ml and at a tem- 
perature of 30 to 40°C. In 2 to 10 days of cultivation, the substance of the invention is secreted for the most part extra- 
cellularly. 

Cells are removed from the culture by centrifugation and the novel hG-CSF polypeptide or novel glycosylated 
polypeptide is extracted from the supernatant obtained by centrigugation. 

While, in the above, methods of producing the novel polypeptide or novel glycosylated polypeptide using 
Escherichia coli or animal cells as the host cells have been mentioned, novel derivatives of UK or any other proteins 
can be produced in the same manner. 

The activity measurement of the hG-CSF derivatives obtaind in the above manner is performed as follows. 

Bone marrow cells are taken aseptically from the femur of male C3H/He mice (8 to 1 2 weeks of age; Shizuoka Lab- 



t 
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oratory Animal Center) and suspended in a-minimum essential medium (Flow Laboratories; hereinafter abbreviated as 
"a-MEM medium") supplemented with 10% fetal bovine serum (FBS). This cell suspension (1 .5 ml; about 5 x 10 7 cells) 
is applied to a nylon wool (Wato Pure Chemical Industries' Nylon Fiber 146-04231)-packed column (0.3 g) for immer- 
sion and then reaction is carried out in a 5% C0 2 incubator at 37°C for 90 minutes. Then a-MEM medium warmed to 

5 37°C is passed through the column and bone marrow cells unadsorbable on nylon wool are recovered as an eluate frac- 
tion. These cells are washed once with a-MEM medium and adjusted to a predetermined concentration. 

Then, the bone marrow hematopoietic stem cell colony forming potential is measured by the method of Okabe et 
at. [T. Okabe et al.: Cancer Research, 44 4503-4506 (1986)]. Thus, 0.2 ml of the bone marrow cell suspension (2 x 10 6 
cells/ml) prepared as described above is added to a mixture of 0.2 ml of a-MEM, 0.4 ml of FBS and 0.2 ml of each sam- 

10 pie after two serial dilutions. Thereto is added an equal volume (1 .0 ml) of a 0.6% solution of agar (Difco, Agar purified 
#0560-01) maintained at 42°C and the resulting mixture is distributed in 0.5-ml portions into wells of a 24-well multidish 
(Nunc, #143982) (5 x 10 4 cells/well, n * 3). After 7 days of cultivation in a 5% C0 2 incubator at 37°C, colonies consisting 
of 40 or more cells are counted under a microscope (Olympus, X40) After colony counting, each colony is taken out 
onto a elide glass, fixed with an acetone-formalin mixture for 30 seconds and then subjected to esterase double staining 

is by the method of Kubota et al. [K. Kubota et al.: Exp. Hematology, fi, 339-344 (1980)] for identification of the colony. 

The potency of each sample is calculated based on the result of counting for the sample after two serial dilutions 
as obtained in the colony forming test, as follows. The activity giving a value half the maximum colony count value found 
with intact G-CSF used as a standard is defined as 50 units. The activity calculated to this scale is multiplied by 20 con- 
sidering the dilution factor for each sample and for expressing the activity on the per-mil!iliter basis. The product 

20 obtained is reported as the potency (in units). The specific activity is expressed in terms of potency per unit weight (mg) 
of protein, namely in un'rts/mg. 

The hG-CSF protein content is determined by enzyme-linked immunosorbent assay (ELISA) using anti-hG-CSF 
monoclonal antibody. In this assay, standard hQ-CSF produced in Escherichia coli and purified and assayed by the 
Lowry method is used as a standard stfcstance. The anti-hG-CSF monoclonal antibody is prepared by the method of 

25 Hanai et al. [Cancer Res., 46, 4438 (1986)]. 

In the following examples, the cases where the polypeptide or glycosylated polypeptide according to the invention 
is an hQ-CSF are mentioned. 

Example 1 

30 

Construction of recombinant plasmid pAS28 for expression of hG-CSF derivative hG-CSF[ND28] (cf. Reference 
Example 16) in animal cells (cf. Fig. 5): 

A 2 ng portion of pAS3-3 obtained in Reference Example 10 was dissolved in 20 jx! of 10 mM Tris-HCI buffer (pH 
7.5) containing 7 mM MgCI 2 , 6mM 2-mercaptoethanol and 150 mM NaCI (hereinafter such buffer will be referred to as 
35 "Y-150 buffer" for short), 10 units of the restriction enzyme MM (Takara Shuzo; hereinafter, unless otherwise specified, 
all the restriction enzymes used were obtained from Takara Shuzo) was added, and digestion was carried out at 37°C 
for 2 hours. Then, 5 units of Apa LI was added and partial digestion was further effected at 37°C for 10 minutes. About 
0.5 ng of a DNA fragment about 3.0 kb in size was purified and recovered from the digestion reaction mixture by the 
LGT method. 

40 Separately. 2 ng of the same plasmid was dissolved in 20 jil of 10 mM Tris-HCI buffer (pH 7.5) containing 7 mM 
MgCI 2 , 6 mM 2-mercaptoethanol and 50 mM KCI (hereinafter such buffer will be referred to as "K-50 buffer" for short), 
10 units of the restriction enzyme Aat ll (Toyobo) was added, and digestion was carried out at 37°C for 2 hours. Then, 
NaCI was added to an NaCI concentration of 1 00 mM, then 1 0 units of MM was added, and reaction was further carried 
out at 37°C for 2 hours. About 1 ng of a DNA fragment about 6.3 kb in size was purified and recovered by the LGT 

45 method. 

Separately, 2 \xg of pCfBD28 (cf. Reference Example 16) was dissolved in 20 \i\ of K-50 buffer, 10 units of the 
restriction enzyme Aatfl (Toyobo) was added, and digestion was carried out at 37°C for 2 hours. Then, NaCI was added 
to an NaCI concentration of 50 mM, 10 units of Xhol was added, and digestion was carried out at 37°C for 2 hours. 
About 0.1 \iq of a DNA fragment about 0.3 kb in size was purified and recovered from the reaction mixture by the LGT 
so method. 

Further, separately, for the purpose of substituting Ala for the N-terminal amino acid Thr of mature hG-CSF, Thr for 
the third amino acid Leu, Tyr for the fourth amino acid Gly and Arg for the fifth amino acid Pro, the following DNA linker 
was synthesized: 
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10 



15 



20 



25 



30 



35 



Signal sequence 



ApaLI 



5' «f T CCA CTC T5G ACA 6TG CAG 6AA CCC 



T 



3'— GAG ACC TGT CAC GTC CTT CGG 



1 2 3 4 5 6 Ihol 
Ah Pro Thr Tyr Art Ah 



GCA CCA ACA TAT CCC GCC 



-3' Mfcer) 



CGT GGT TGT ATA GCG CGG AGC T 



- 5' 
(43«r) 



First, the two single-strand 43-mer DNAs were synthesized using an Applied Biosystems model 380 A DNA synthe- 
sizer. Then, 20 picomoles each of the synthesized DNAs (two 43-mers) were dissolved in 40 fil of 50 mM Tris-HCI buffer 
(pH 7.5) containing 10 mM MgCI 2 , 5 mM dithiothrettol. 0.1 mM EDTA and 1 mM ATP (hereinafter such buffer will be 
referred to as T4 Kinase buffer" for short), 30 units of T4 polynucleotide kinase (Takara Shuzo; hereinafter the same 
shall apply) was added, and phosphorylation was carried out at 37°C for 60 minutes. 

A 0.5 fig portion of the pAS3-3-derived Mlul-ApaLI fragment (about 3.0 kb), 1 .0 fig of the pAS3-3-derived Astll-Mlul 
fragment (about 6.3 kb) and 0.1 fig of the pCfBD28-derived Aaill-XbQl fragment (about 0.3 kb) here dissolved in 25 \i\ 
of 20 mM Tris-HCI buffer (pH 7.6) containing 10 mM MgCI 2 , 10 mM dithiothrertol and 1 mM ATP (hereinafter such buffer 
will be referred to as T4 ligase buffer" for short) and about 1 picomoie of the above DNA linker was added to the solu- 
tion. After further addition of 400 units of T4 DNA ligase (Takara Shuzo; hereinafter the same shall apply) to the solu- 
tion, ligation was carried out at 4°C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli HB101 [Bolivar et al.: Gene, 2. 
75 (1977)] by the method of Cohen et al. [S. N. Cohen et al.: Proc. Natl. Acad. Sci. USA, fi& 21 10 (1972)] (hereinafter 
it is this method that was used for transforming Escherichia colt strains) and amptdllin (Ap)-resistarrt strains were 
obtained. A plasmid DNA was isolated from one of these transformant strains by the known method [H. C. Birnboim et 
al.: Nucleic Acids Res., Z 1513 (1979)] (hereinafter it is this method that was used for isolating plasmid DNAs). 

The structure of the plasmid obtained was confirmed by restriction enzyme digestion and by sequencing by the 
dideoxy method using M13 phage, this plasmid was named pAS28 (cf. Fig. 5). A microorganism harboring the plasmid 
pAS28 has been deposited since September 24, 1988 with the Fermentation Research Institute, Agency of Industrial 
Science and Technology (FRI) under the designation Escherichia coli EAS28 (deposit number FERM BP-2069) in 
accordance with the Budapest Treaty. The polypeptide (hG-CSF derivative) encoded by the plasmid is distinguished 
from mature hG-CSF by the following amino acid residue substitutions: 



40 



Position of amino acid substi- 
tution (amino acid of hG-CSF) 


Plasmid 




pAS28 


First (Thr) 


Ala 


Third (Leu) 


Thr 


Fourth (Gly) 


Tyr 


Fifth (Pro) 


Arg 


Seventeenth (Cys) 


Ser 


The polypeptide (hG-CSF derivative) 
encoded by pAS28 is hereinafter referred to 
as "hG-CSF[ND28] n . 
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Example ? 

Construction of recombinant plasmid pASN6 (cf. Fig. 6) coding for novel hG-CSF polypeptide allowing addition of 
N-glycosylated carbohydrate chain n 6th (from N terminus) amino acid residue of hG-CSF[ND28] (cf. Reference 
Example 16): 

A 2 WJ portion of pAS3-3 obtained in Reference Example 10 was dissolved in 20 \i\ of Y-150 buffer, 10 units of the 
restriction enzyme was added, and digestion was carried out at 37°C for 2 hours. Then, 5 units of &&LI was added 
and partial digestion was further conducted at 37°C for 1 0 minutes. About 0.5 fig of a DNA fragment about 3.0 kb in size 
was purified and recovered from the reaction mixture by the LGT method. 

Separately, 2 \ig of pAS28 obtained in Example 1 was dissolved in 20 pJ of Y-150 buffer, 10 units each of the restric- 
tion enzymes Xbfll and MM were added, and digestion was carried out at 37°C for 2 hours. A DNA fragment (1 .0 jig) 
about 6.55 kb in size was purified and recovered from the reaction mixture by the LGT method. 

Further, separately, for the purpose of substituting Asn for the 6th (from N terminus) amino acid Ala of hG- 
CSF[ND28] encoded by pAS28 of Example 1 for the formation of a site of addition of an N-glycosylated carbohydrate 
chain, the following DNA linker was synthesized. Since the following DNA linker was so designed that an SnaBI cleav- 
age site could additionally occur therein, incorporation of said linker could be confirmed by cleavage with the restriction 
enzyme SnaBI. 



Signal sequence 
Apil! — 



y -l T C CA CTC TGG ACA GT6 CAG GAA GCC 



t 



3'-6A6 ACC TGT CAC 6TC CTT C6G 



1 2 3 4 5 6 Ihol 
AU Pro Thr Tyr kn Aso 

(CA CCT ACS TAT CGC AAC 4—3' <43*tr> 



C6T 6 GA TGC ATA GCG TTG AGC T 
SniBl 



- 5' 
«3«er) 



The single-strand DNAs (two 43-mers) were synthesized using an Applied Biosystems model 380A DNA synthe- 
sizer. 

Twenty picomoles each of the DNAs (two 43-mers) synthesized were dissolved in 40 »tl of T4 kinase buffer, 30 units 
of T4 polynucleotide kinase was added, and phosphorylation was carried out at 37°C for 60 minutes. 

A 0.5 |ig portion of the pAS3-3-derived Mlul-AoaLI fragment (about 3.0 kb) and 1 ^g of the pAS28-derived £h£l- 
Mlu l fragment (about 6.55 kb), respectively obtained as described above, were dissolved in a total volume of 30 \i\ of 
T4 ligase buffer and about 1 picomote of the above DNA linker was added to the solution. After further addition of 400 
units of T4 DNA ligase to the solution, ligation was carried out at 4°C for 18 hours. 

The recombinant plasmid-containing ligation reaction mixture was used to transform Escherichia £&!i HB1 01 by the 
method of Cohen et al. (vide supra) and Ap-resistant strains were obtained. A plasmid DNA was separated and purified 
from one of these transformant strains by the known method. The structure of said plasmid DNA was confirmed by 
restriction enzyme digestion and by the dideoxy sequencing method using M13 phage. This plasmid was named 
pASN6. A microorganism harboring the plasmid pASN6 has been deposited since September 24, 1988 with the Fer- 
mentation Research Institute under the designation Escherichia cM EASN6 (deposit number FERM BP-2070) in 
accordance with the Budapest Treaty. The polypeptide (hG-CSF derivative) encoded by the plasmid is distinguished 
from mature hG-CSF by the following amino acid residue substitutions: 



Position of amino acid substi- 
tution (amino acid of hG-CSF) 


Plasmid 




pASN6 


First (Thr) 
Third (Leu) 


Ala 
Thr 
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(continued) 



Position of amino acid substi- 
tution (amino acid of hG-CSF) 


Plasmid 




pASN6 


Fourth (Qly) 


Tyr 


Fifth (Pro) 


Arg 


Sixth (Ala) 


Asn 


Seventeenth (Cys) 


Ser 


The polypeptide (hG-CSF derivative) encoded by 
pASN6 is hereinafter referred to as "hG-CSF 
[ND28N6]". 



Example 3 

Construction of recombinant plasmid pASN145 [cf. Fig. 7(1) and Fig. 7(2)] coding for novel hG-CSF polypeptide 
allowing addition of N -glycosylated carbohydrate chain on 145th (from N terminus) amino acid residue of hG- 
CSF[ND28] (cf. Reference Example 16): 

(a) Construction of single-strand template DNA (single-strand pt19BD28C): 

A 3 \lq portion of pCfBD28 (cf. Reference Example 16) was dissolved in 20 >l of 10 mM Tris-HCI buffer (pH 7.5) 
containing 7 mM MgCI 2 and 6 mM 2-mercaptoethanol (such buffer is hereinafter referred to as "Y-0 buffer" for short), 10 
units of the restriction enzyme Pvu ll was added, and digestion was carried out at 37°C for 2 hours. Then, NaCI was 
added to an NaCI concentration of 100 mM, 10 units of BamHI was added, and reaction was carried out at 37°C for 2 
hours. 

About 0.5 jig of a DNA fragment (Pvu ll- Bam HI fragment) about 0.94 kb in size and coding for the C-terminal portion 
of hG-CSF[ND28] was obtained from the reaction mixture by the LGT method. 

Separately, 1 \xg of the M13 phage vector M13mpl9RF DNA (Takara Shuzo) was dissolved in a total volume of 50 
lit of Y-0 buffer, 10 units of the restriction enzyme Sma l was added, and digestion was carried out at 37°C for 2 hours. 
Then, NaCI was added to an NaCI concentration of 100 mM, 10 units of the restriction enzyme BamHI was added, and 
digestion was carried out at 37°C for 2 hours. About 0.8 jig of a DNA fragment (jSmal-EamHI fragment) about 7.24 kb 
in size was obtained from the reaction mixture by the LGT method. 

A 0.2 \ig portion of the Pvull- Bam HI fragment (about 0.94 kb) and 0.05 \iq of the Smal-BamHl fragment (about 7.24 
kb), respectively obtained as described above, were dissolved in 50 pJ of T4 ligase buffer, 400 units of T4 DNA ligase 
was added to the solution, and ligation was carried out at 12°C for 16 hours. 

Then, the above ligation reaction mixture was used to transfect Escerichia coli JM105 by the known method [Mess- 
ing et a!.: Methods in Enzymology, Ifil 20 (1983)] and recombinant phages were obtained. A recombinant 13 phage 
RF DNA was recovered from cultured cells of one recombinant phage-irrfected Escherichia coli JM105 strain by the 
same method as the plasmid DNA recovering method. The structure of this RF DNA (named pt19BD28C) was con- 
firmed by cleavage with Bam HI. EcoRI and figll, followed by polyacrylamide gel electrophoresis. The single-strand 
pt19BD28C DNA was recovered from the recombinant phage by the above-mentioned known method and used as a 
template. 

(b) Construction of gapped duplex DNA: 

A 3-jig portion of the M13mp19 RF DNA (Takara Shuzo) was dissolved in 30 \i\ of 10 mM Tris-HCI buffer (pH 7.5) 
containing 7 mM MgCI 2 , 6 mM 2-mercaptoethanol and 100 mM NaCI (hereinafter such buffer is referred to as "Y-100 
buffer" for short), 10 units each of the restriction enzymes EgqRI and JdiDdlll, and digestion was carried out at 37°C for 
2 hours. About 2.5 ng of a DNA fragment (EcoRI-Hindlll fragment) about 7.2 kb in size was obtained from the digestion 
reaction mixture by the LGT method. 

A 2-^g portion of this mp19 RF DNA-derived EcoRI- Hind lll fragment (about 7.2 kb) and 1 fig of the single-strand 
template DNA pt19BD28C were dissolved in 27 \x\ of 50 mM Tris-HCI buffer (pH 7.8) containing 7 mM MgCI 2 and 6 mM 
2-mercaptoethanol (hereinafter such buffer is referred to as "Klenow buffer for short) and the solution was boiled at 
100°C for 6 minutes for causing DNA denaturation and then allowed to stand at 65°C for 10 minutes, at 37°C for 40 min- 
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utes, at 4°C for 40 minutes and, finally, on ice for 10 minutes for causing annealing, whereby a gapped duplex DNA with 
only the hG-CSF gene portion in the template being single-stranded was formed. The gapped duplex DNA formed was 
recovered by the LQT method. 

5 (c) Mutagenesis (construction of pt19BD28CN145): 

For the purpose of substituting Asn for the 145th (from the N terminus) amino acid Gin and Ser for the 1 47th amino 
acid Arg of hG-CSF[ND28] encoded by pAS28 obtained in Example 1 so that an N -glycosylated carbohydrate chain 
addition site could be formed, the following single-strand DNA was synthesized. Since the single-strand DNA was 
10 designed such that a Euul site should newly occur therein, mutagenesis could be confirmed by cleavage with the 
restriction enzyme Eyul. 











Asn 


Ser 










15 








t 


t 










141 


142 


143 


144 


145 


146 147 


146 


149 


150 


151 


Ala 


Ser 


Ala 


Phe 


Gin 


Arg Arg 


Ala 


Gly 


Gly 


Val 


20 5'-GCC 


TCT 


GCT 


TTC 


A AT 


CGA TCG 


GCA 


GGA 


GGG 


GTC 












Ivu I 











( 3 3 mer) 



25 

The single-strand DNA was synthesized using an Applied Biosystems model 380 A DNA synthesizer. A 1-|xg por- 
tion of the single-strand DNA synthesized was dissolved in 50 jil of T4 Kinase buffer, 30 units of T4 polynucleotide 
kinase was added, and phosphorylation was carried out at 37°C for 60 minutes. 

Then, 0.2 fig of this phosphprytated single-strand DNA and 0.1 fig of the gapped duplex DNA obtained as 
30 described in the preceding section were dissolved in 34 jxJ of 6.5 mM Tris-HCI buffer (pH 7.5) containing 8 mM MgCI 2 , 
1 mM 2-mercaptnethanol and 100 mM NaCI, the solution was allowed to stand at 65°C for 60 minutes and then at room 
temperature for 30 minutes for annealing of the single-strand DNA with the gapped duplex DNA. 

To the solution were added dATP, dTTP, dCTP and dGTP each to a concentration of 0.5 mM. After further addition 
of 1 .5 units of DNA polymerase I Klenow fragment and 400 units of T4 DNA ligase, chain extension was effected at 4°C 
35 for 16 hours. 

The resultant reaction mixture was used to transfect Escherichia coli JM105 and mutant phages were obtained. RF 
DNAs were recovered from mutant phage-infected Escherichia coli JM105 strains and examined for their structure by 
restriction enzyme cleavage and by sequencing by the dideoxy method using M13 phage. The desired mutant RF DNA 
was named pt19BD28CN145. 

40 

(d) Construction of pCfBD28N145 [cf. Fig. 7-(2)] 

A 3-fig portion of pt19BD28CN145 obtained as described in the preceding section was dissolved in 50 fil of Y-100 
buffer, 10 units each of the restriction enzymes Bgil (Boehringer Mannheim) and Bam Hl were added, and digestion was 
45 carried out at 37°C for 2 hours. From the reaction mixture, there was obtained by the LGT method 0.4 fig of a DNA frag- 
ment (Bgll-BamHI fragment) about 0.85 kb in size and containing the mutation site introduced as described in the pre- 
ceding section. 

Separately: 2 fig of pCfBD28 (cf. Reference Example 16) was dissolved in 50 fil of Y-100 buffer, 10 units of the 
restriction enzyme Bam Hl was added, and digestion was carried out at 37°C for 2 hours. Then, 5 units of the restriction 

so enzyme Bgll was added and partial digestion was further effected at 37°C for 10 minutes. From the reaction mixture, 
there was obtained by the LGT method 0.5 fig of a DNA fragment (BamHl-Ball fragment) about 3.25 kb in size. 

In 60 fil of T4 ligase buffer were dissolved 0.4 fig of the pt1 9BD28CN1 45-derived Bgll- Bam HI fragment (about 0.85 
kb) and 0.5 fig of the pCfBD28-derived Bgll-BamHI fragment (about 3.25 kb). respectively obtained as described above, 
and, after addition of 400 units of T4 DNA ligase, ligation was carried out at 12°C for 16 hours. 

55 The ligation reaction mixture was used to transform Escherichia £qH HB101 and Ap-resistant strains were obtained. 
Plasmid DNAs were isolated from the transformants and analyzed for their structure by cleavage with restriction 
enzymes. The plasmid DNA having the desired structure was named pCfBD28N145. 



EP0370 205B1 



(e) Construction of pASN145 

In 50 j-lI of Y-100 buffer was dissolved 5 fxg of pCf BD28N145 obtained as described in the preceding section and, 
after addition of 10 units each of the restriction enzymes Banill (Toyobo) and BamHI, digestion was carried out at 37°C 
for 2 hours. A DNA fragment (Banlll- Bam Hl fragment; 1 |tg about 1 .3 Kb in size was obtained from the reaction mixture 
by the LGT method. This 1.3 kb DNA fragment (1 jig) was dissolved in 50 |tl of Y-100 buffer, 10 units of the restriction 
enzyme Qdfil (Toyobo) was added, and digestion was carried out at 37°C for 2 hours. DNA was recovered by ethanol 
precipitation following exatraction with a mixture of equal volumes of phenol and chloroform (hereinafter referred to as 
"phenol-chloroform extraction") and dissolved in 30 rI of Klenow buffer, 2 units of DNA polymerase I Klenow fragment 
was added, and reaction was carried out at 37°C for 1 hour After 10-minute treatment at 68°C for inactivating the DNA 
polymerase I Klenow fragment, DNA was recovered by ethanol precipitation. The DNA recovered was dissolved in 20 
julI of K-50 buffer, 10 units of the restriction enzyme Aalll (Toyobo) was added, and digestion was carried out at 37°C for 
2 hours. About 0.1 jig of a DNA fragment [Qdfil (blunt end)-fifitil fragment] about 0.2 kb in size was obtained from the 
reaction mixture by the LGT method. 

Separately, 2 \xq of pAS28 obtained in Example 1 was dissolved in 20 fil of K-50 buffer, 10 units of the restriction 
enzyme Aatll (Toyobo) was added, and digestion was conducted at 37°C for 2 hours. Thereafter, 5 units of the restric- 
tion enzyme JChfll was added and partial digestion was further effected at 37°C for 10 minutes. About 0.1 jig of a DNA 
fragment (AalH-XhQl fragment) about 0.8 kb in size was obtained from the reaction mixture by the LGT method. 

Separately, 2 fig of pSE1 PA1SE1dhfr1-9A obtained in Reference Example 9 was dissolved in 20 Rl of Y-0 buffer, 10 
units of the restriction enzyme Smal was added, and digestion was carried out at 37°C for 2 hours. Then, NaCI was 
added to a final NaCI concentration of 100 mM, 10 units of the restriction enzyme Xho l was added, and digestion was 
further conducted at 37°C for 2 hours. About 1 jig of a DNA fragment (Smal-XbQl fragment) about 8.7 kb in size was 
obtained from the reaction mixture by the LGT method. 

About 0.1 \lq of the pCfBD28N145<Jerived Ddfil (blunt end)-£sW fragment (about 0.2 kb), about 0.1 \lq of the 
pAS28«Jerived Aatll-Xhot fragment (about 0.8 kb) and about 1 jig of the pSE1PA1SE1dhfr1-9A^derived Smal-XhQl 
fragment (about 8.7 kb), respectively obtained as described above, were dissolved in 30 fil of T4 DNA ligase buffer, 400 
units of T4 DNA ligase was added, and ligation was carried out at 4°C for 18 hours. The ligation reaction mixture was 
used to transform Escherichia coli HB101 and Ap-resistant strains were obtained. Plasmids were isolated from the 
transformants and analyzed for their structure by cleavage with restriction enzymes and, as a result, a plasmid DNA 
having the desired structure. pASN145, was obtained. A microorganism harboring the plasmid pASN145 has been 
deposited, since September 24, 1988, with the Fermentation Research Institute under the designation Escherichia coli 
EASN145 (deposit number FERM BP-2071) in accordance with the Budapest Treaty. The polypeptide (hG-CSF deriv- 
ative) encoded by the plasmid is distinguished from mature hG-CSF by the following amino acid residue substitutions: 



Position of amino acid 
substitution (amino acid 
in hG-CSF) 


Plasmid 




PASN145 


First (Thr) 


Ala 


Third (Leu) 


Thr 


Fourth (Gly) 


Tyr 


Fifth (Pro) 


Arg 


17th(Cys) 


Ser 


145th (Gin) 


Asn 


147th (Arg) 


Ser 


The polypeptide (hG-CSF derivative) encoded 
by pASNUS is hereinafter referred to as n hG- 
CSF[ND28N145T. 



EP0 370 205B1 



Example 4 

Production of hG-CSF[ND2$J, hG-CSF[ND28N6], hG-CSF[ND28N145] and hG-CSF in animal cells: 

(1) Production of hG-CSF[ND28] in animal cells harboring pAS28: 

pAS28 obtained in Example 1 was introduced into dhfr-deficient CHO cells by the calcium phosphate method. 
Thus, 5 ml of MEM ALPHA medium (containing ribonucleic acid and deoxyribonucleic acid; Gibco-Oriental) supple- 
mented with 10% FCS and 1/50 volume of 7.5% NaHC0 3 solution (Row Laboratories) [hereinafter such medium is 
referred to as "MEMa (nonselective medium)" for short] was inoculated with such cells at an inoculum size of 1 x 10 5 
cells/ml [a dish 6 cm in diameter (made by LUX) being used for culture; hereinafter LUX dishes being used for culturing 
purposes] and cultured in a C0 2 incubator at 37°C for 1 day. Separately, 10 Ml of pAS28 was dissolved in 450 jxl of 1 0 
mM Tris-HCI (pH 7.5). To this solution was added 500 ^1 of a solution containing 280 mM NaCI, 1 .5 mM Na 2 HP0 4 and 
50 mM HEPES (N^-hydroxyethyipiperazine-N^-ethanesulfonic acid) (pH 7.1), followed by shaking. Furthermore, 50 
til of 2.5 M CaCI 2 was added and. after shaking, the mixed solution was allowed to stand at room temperature for 5 min- 
utes. The whole DNA solution was added to dhfr-def icient CHO cells prepared from the above-mentioned culture by dis- 
carding the medium, adding a fresh 10-ml portion of MEMa (nonselective medium) and incubating for 1 hour. The 
resultant mixture was incubated for 8 hours. Cells were then washed with PBS, 5 ml of MEMa (nonselective medium) 
was added, and incubation was continued for 16 hours. Cells were washed with PBS [8 g/liter NaCI, 0.2 g/liter KCI, 1 .15 
g/liter Na 2 HP0 4 (anhydrous), 0.2 g/liter KH^OJ, 3 ml of a solution containing 0.05% trypsin and 0.02% EDTA (ethyl- 
enediaminetetraacetic acid) was added and, after removal of the excess solution, the cells were incubated at 37°C for 
5 minutes (trypsin treatment). MEM ALPHA medium (ribonucleic aicd- and deoxyribonucleic acid-free) supplemented 
with 10% dialyzed FCS (Gibco-Oriental), 1/50 volume 7.5% NaHC0 3 , 1/100 volume 100 x nonessential amino acid 
solution and 0.3 mg/ml G418 (Gibco-Oriental) [hereinafter 6uch medium is referred to as "MEMa (selective medium)" 
for short] was added and, after causing the cells to be suspended well in said medium, the cells were cultured in a C0 2 
incubator at 37°C for 5 days using a dish 10 cm in diameter. The celts were washed with PBS, then MEMa (selective 
medium) was added, and incubation was continued for 5 days. After the same procedure was followed, incubation was 
further continued for 5 days. The cells were washed with PBS, then treated with trypsin, suspended in 10 ml of MEMa 
(selective medium) by adding the medium, and cultured in a C0 2 incubator at 37°C for 3 to 7 days using a dish 6 cm in 
diameter. Colonies that had appeared were treated with trypsin and then inoculated into a dish, 10 cm in diameter, to a 
concentration of 5 x 10 4 cells/ml using 10 ml of MEMa (selective medium) containing 50 nM methotrexate (hereinafter 
referred to as "MTX" for short). Medium exchange was made three times at 5-day intervals using the above-mentioned 
medium. MTX-resistant colonies that had appeared were monoclonaily separated and each cultured until confluence 
using a dish 6 cm in diameter. Thereafter, the medium was replaced with FCS-f ree MEMa (selective medium) and, after 
further 2 days of incubation, the production of hG-CSF[ND28] in the culture fluid was examined. The production was 
highest in clone No. 22, namely 10 w hG-CSF[ND28] per 10 6 cells/2 days. This clone was cultured in a Falcon 3027 
roller bottle containing 100ml of MEMa (selective medium) containing 50 nM MTX. After the culture cells became con- 
fluent, incubation was continued for 3 days using the above-mentioned FCS-free medium. This 100-ml culture fluid was 
used in Example 5. 

(2) Production of hG-CSF[ND28N6] by animal cells harboring pASN6: 

Cell lines capable of producing hG-CSF[ND28N6] were obtained following the procedure mentioned above and 
using pASN6 obtained in Example 2 and the dhfr-deficient CHO cell line. Among them, clone No. 1 6 showed the highest 
production of 7 jig/10 6 cells/2 days. This clone was cultured in a Falcon 3027 roller bottle containing 100 ml of MEMa 
(selective medium) containing 50 nM MTX and, after confluency was attained, cultivation was continued for 3 days 
using the above-mentioned FCS-free medium. This 100-ml culture fluid was used in Example 5. 

(3) Production of hG-CSFIND28N145] by animal cells harboring pASN145: 

Cell lines capable of producing hG-CSF[ND28N145] were obtained following the procedure mentioned above and 
using pASN145 obtained in Example 3 and the dhfr-deficient CHO cell line. Among them, clone No. 9 showed the high- 
est production of 7 jig/10 6 cells/2 days. This clone was cultured in a Falcon 3027 roller bottle containing 100 ml of 
MEMa (selective medium) containing 50 nM MTX and, after the culture cells became confluent, cultivation was contin- 
ued for 3 days using the above-mentioned FCS-free medium. This 1 00-ml culture fluid was used in Example 
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(4) Production of hG-CSF by animal cells harboring pAS3-3: 

Ceil lines capable of producing hQ-CSF were obtained following the procedure mentioned above and using pAS3- 
3 obtaind in Reference Example 10 and the dhfr-deficient CHO cell line. Among them, clone No. 5 showed the highest 
5 production of 10 jig/10 6 cells/2 days. This clone was cultured in a Falcon 3027 roller bottle containing 100 ml of MEMa 
(selective medium) containing 50 nM MTX and, after the culture cells became confluent, cultivation was continued for 
3 days using the above-mentioned FCS-free medium. The 1 00-ml culture fluid thus obtained was used in Example 5 as 
a sample containing natural hQ-CSF. 

10 Example 5 

Investigations of carbohydrate chain-introduced hQ-CSF derivatives hQ-CSF[ND28], hG-CSF(ND28N6] and hG- 
CSF[ND28N145] as to protease resistance and of hG-CSF[ND28N6] as to thermal stability: 

15 (1 ) confirmation of carbohydrate chain addition 

From the serum-free culture fluid obtained in Example 4 and containing natural hQ-CSF, hQ-CSF[ND28], hG- 
CSF[ND28N6] or hG-CSF[ND28N145] t cells were completely removed by centrifugation. A 15-|il portion of each sam- 
ple was subjected to SDS-polyacrylamide gel electrophoresis [Laemmli: Nature, 22L 680 (1970)]. A plasmid DNA-free 

20 CHO cell culture suspernatarrt and hQ-CSF and hQ-CSF[ND28] (cf. Reference Example 16) produced in Escherichia 
coli and purified were also subjected to SDS-polyacrylamide gel electrophoresis. The patterns obtained by silver stain- 
ing (using Wako Pure Chemical Industries' silver staining kit) following electrophoresis are shown in Fig. 8-(1). Fig. 8- 
(2), on the other hand, shows the results of enzyme-labeled antibody staining [K. Tabe: Saibo Kbgaku (Cell Technol- 
ogy), 2, 1061 (1983)] using an anti-hG-CSF monoclonal antibody following transfer of the proteins on the same gel to a 

25 nitrocellulose membrane. The anti-hG-CSF monoclonal antibody was prepared by the method of Hanai et al. [Cancer 
Res., 4& 4438(1986)]. 

It is known that natural hG-CSF or hG-CSF produced in CHO cells is glycosylated through addition of one O-glyc- 
osylated carbohydrate chain to the 133rd (from the N terminus) amino acid Thr residue. It is also known that the carbo- 
hydrate chain involved in said addition includes two species, one containing one sialic acid residue and the other 
30 containing two sialic acid residues [Oeda et al.: J. Biochem., ifli 544 (1988)]. In the present study, too, hQ-CSF pro- 
duced in CHO cells was found to have one O-glycosylated carbohydrate chain added thereto. As the carbohydrate 
chain added, there were found two kinds, one containing one sialic acid residue and the other containing two sialic acid 
residues. The two bands seen in Fig. 8-(1) or Fig. 8-(2) for hQ-CSF reflect the difference in the number of sialic acid 
residues. 

35 On the contrary, it was found that hG-CSF[ND28] produced in CHO cells was composed of two species, one having 
one O-glycosylated carbohydrate chain and the other having two such carbohydrate chains. In the case of hG- 
CSF[ND28N6] and hG-CSF[ND28N145] differing from hQ-CSF[ND28] by having one newly introduced N-glycosylation 
site, about one third of the whole amount of hG-CSF produced had an N-glycosylated carbohydrate chain added 
thereto. In the case of hG-CSF[ND28N145], as in the case of hG-CSF[ND28], a species having an additional O-glyco- 

40 sylated carbohydrate chain added thereto was also present. Therefore, hG-CSF[ND28N145] included four polypeptide 
species differing in the kind and/or number of carbohydrate chains added: namely one having one O-glycosytated car- 
bohydrate chain, like the natural type; one having two O-glycosylated carbohydrate chains: one having one O-glyco- 
sylated carbohydrate chain and one N-glycosylated carbohydrate chain; and one having two O-glycosylated 
carbohydrate chains and one N-glycosylated carbohydrate chains. On the other hand, hG-CSF[ND28N6) showed 

45 almost no new O-glycosylated carbohydrate chain addition. 

The N-glycosylated carbohydrate chain addition was confirmed by treatment with N-giycanase (Seikagaku Kogyo), 
an enzyme cleaving the bond between N-glycosylated carbohydrate chain and polypeptide. The O-glycosytated carbo- 
hydrate chain addition was confirmed by using O-glycanase (Seikagaku Kbgyo) and sialidase (Seikagaku Kogyo). Fig. 
8-(3) is a schematic representation of Fig. 8-(2) and indicates the kind(s) and number of carbohydrate chains for each 

so band. 

(2) Protease resistance investigation 

As mentioned in the preceding section, hG-CSF[ND28], hG-CSF[ND28N6] and hG-CSF[ND28N145] produced in 
55 CHO celts each included a species having an additional carbohydrate chain or chains added thereto and a species hav- 
ing no additional carbohydrate chain. Therefore, chymotrypsin was directly added to the culture supernatant containing 
both species (one having a new carbohydrate chain or chains and one having no such additional carbohydrate chain) 
obtained as described in the preceding section and the effects of the presence and absence of such additional carbo- 
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hydrate chain or chains on protease resistance were compared. Thus, 2 jil of 0.5 mg/ml chymotrypsin (Sigma) was 
added to 450 nl of each of the above-mentioned culture supernatants containing hG-CSF[ND28], hG-CSF[ND28N6] 
and hG-CSF[ND28N145], respectively. Each mixture was incubated at 37°C After the lapse of 10. 20. 30. 60, 120 and 
1 80 minutes following chymotrypsin addition, samples were taken from the mixture each time in an amount of 60 pi and 
the reaction was terminated by adding 20 |il of SDS-polyocrylamide gel electrophoresis buffer [0.25 M Tris-HCI (pH 6.8), 
8% sodium lauryl sulfate (SDS), 40% glycerol and 0.004% bromphenol blue]. A sample containing no chymotrypsin 
was also prepared with each supernatant aid this was used as a sample after the lapse of 0 (zero) minute following chy- 
motrypsin addition. 

A 20-nJ portion of each sample was subjected to SDS-polyacrylamide gel electrophoresis, then polypeptides were 
transferred to a nitrocellulose membrane, and enzyme-labeled antibody staining was performed in the same manner as 
described in she preceding section. As a result, it was found that all the newly glycosylated hG-CSF[ND28], hG- 
CSF[ND28N6] and hG-CSF[ND28N145] species were resistant to chymotrypsin as compared with the species having 
no additional carbohydrate chain. 

In the case of hG-CSF[ND28], the species having two O-glycosylated carbohydrate chains was more resistant to 
chymotrypsin than the species (natural type) having one such chain [Fig. 8-(4)]. In the case of hG-CSF[ND28N6], the 
species having an additional N-glycosylated carbohydrate chain was more resistant to said enzyme than the species 
having no much carbohydrate chain [Fig. 8-(5)]. In the case of hG-CSF[ND28Nl45] comprising four kinds of polypep- 
tide, namely the species having one O-glycosylated carbohydrate chain (natural type), that having an additional O-gly- 
cosylated carbohydrate chain, that having an additional N-glycosylated carbohydrate chain and that having both 
additional carbohydrate chains, those having an additional N-glycosylated carbohydrate chain were more resistant than 
others. The species having an additional O-glycosylated carbohydrate chain as well as an additional N-glycosylated 
carbohydrate chain was the most resistant [Fig. 8-(6)]. 

(3) Thermal stability investigation 

A 5-ml portion of the hG-CSF[ND28N6]-containing, serum-free, culture supernatant obtained in Example 4-(2) was 
concentrated to 500 fil using a Moicut-10 membrane (Millipore). A 100-yl portion of the concentrate was applied to a 
Superose 12 column (Pharmacia) (1 cm x 30 cm) and the N-glycosylated hG-CSF[ND28N6] species was isolated. For 
chromatography, 0.1 M Tris-HCI buffer (pH 8.0) containing 0.2 M NaCI and 1 mM EDTA was used. The buffer was 
passed through the column at a flow rate of 0.5 ml/minute. Three repetitions of the above chromatography gave about 
1.5ml of a solution containing the N-glycosylated hG-CSF[ND28N6] species (hG-CSF concentration about 1.7 |xg/ml). 
To 350 tit of this solution were added 3.5 jxl of 1% Tween 20 and 1 (0.25 unit) of N-glycanase (Seikagaku Kbgyo), and 
the N-glycosylated carbohydrate chain was eliminated by conducting the reaction at 37°C for 17.5 hours. An untreated 
control was also prepared by adding 1 \i\ of sterilized water in lieu of N-glycanase and subjected to the same reaction 
procedure. After the reaction period, a portion of each reaction mixture was subjected to SDS-polyacrylamide gel elec- 
trophoresis, followed by silver staining. It was thus confirmed that the N-glycosylated carbohydrate chain had been elim- 
inated in the N-glycanase-treated sample. 

Immediately after completion of the above reaction, both reaction mixtures were used in a comparative thermal sta- 
bility test at 56°C. Thus, 60 jil of each reaction mixture was maintaind at 56°C. After 0, 30, 120, 240 and 360 minutes, 
sampling (10 jxl per sampling) was made and hG-CSF activity measurement was performed by colony forming ability 
testing using mouse bone marrow hematopoietic stem cells. The results obtained are shown in Fig. 8-(7). In the figure, 
the activity is shown in terms of residual activity with the activity after 17.5 hours of incubation at 37°C being taken as 
100%. The activity after 17.5 hours of incubation at 37°C was 48.1% for the N-glycanase-treated sample and 66.8% in 
the control when the activity before incubation was taken as 100%. 

As shown in Fig. 8-(7), it was found that the N-glycosylated hG-CSF[ND28N6] species (control) was more stable 
against heat than the hG-CSF[ND28N6] species from which the N-glycosylated carbohydrate chain had been elimi- 
nated (N-glycanase treatment). 

(Examples 6 to 13 deleted) 

Reference Example 1 

Construction of plasmid ptPA7 carrying human t-PA cDNA: 

(1) Preparation of poly(A) RNA from Detroit 562 celts: 

A poiy(A)-containing RNA was prepared from the human laryngeal cancer cell line Detroit 562 by the guanidine ihi- 
ocyanate-lfthium chloride method [Cathaia et al.: DNA, 2, 329 (1983)]. 
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Thus, human laryngeal cancer Detroit 562 cells [Peterson, W. D., Jr. et al.: Proc. Soc. Exp. Biol. Med., 13& 1187 
(1 971 )] were grown in 50 ml of MEM medium (Nissui Pharmaceutical) containing 1 0% fetal bovine serum, 1/100 volume 
of 100 x nonessential amino add solution (Row Laboratories), 1 mM sodium pyruvate and 0.1% lactoalbumin hydro- 
iyzate (Gibco-Oriental) in each of six tissue culture flasks (Corning; 150 cm 2 ). After incubation at 37°C until confluence 

5 cells were washed with PBS, then phorbol myristate acetate (PMA) was added in a concentration of 100 ng/ml, 30 ml 
of the same medium as mentioned above except that H was free from fetal bovine serum was added, and incubation 
was continued at 37°C for 24 hours. Cells were then treated with 1 0 ml of a solution containing 0.05% trypsin and 0.02% 
. EDTA to give a cell suspension. A total of 1 x 1 0 8 cells were obtained from the six tissue culture flasks. The cells were 
harvested from the cell suspension by centrifugation (1,100 x g, 4°C, 10 minutes), washed with 80 ml of phosphate 

jo buffer, and solubiiized in 10 ml of a solution containing 5 M guanidine thiocyanate, 10 mM EDTA, 50 mM Tris-HCI (pH 
7) and 8% (v/v) 2-mercaptoethanol by using a vortex mixer. This solubilization product was transferred to a centrifuge 
tube, 80 ml of 4 M LiCI was added and, after stirring, the mixture was allowed to stand at 4°C for 20 hours. The mixture 
was centrrf uged at 9,000 rpm for 90 minutes using a Hitachi RPR 10 rotor and RNA was recovered as a precipitate. The 
RNA precipitate was suspended in 50 ml of a solution containing 4 M urea and 2 M lithium chloride, the suspension was 

75 centrifuged at 9,000 rpm for 60 minutes by means of a Hitachi RPR 10 rotor and RNA was again recovered as a pre- 
cipitate. The RNA precipitate was dissolved in 10 ml of a solution containing 0.1% sodium laury) sulfate, 1 mM EDTA 
and 10 mM Tris-HCI (pH 7.5) and. after phenolchlorofbrm extraction, RNA was recovered by ethanol precipitation. The 
RNA obtained (about 2.5 mg) was dissolved in 1 ml of a solution containing 10 mM Tris-HCI (pH 8.0) and 1 mM EDTA. 
The solution was incubated at 65°C for 5 minutes and 0.1 ml of 5 M NaCI was then added. The mixture was subjected 

20 to oligo(dT)-cellulose column (P-L Biochemicals) chromatography (column volume 0.5 ml). Poly(A)-containing mRNA 
adsorbed was eluted with a solution containing 10 mM Tris-HCI (pH 7.5) and 1 mM EDTA to give about 90 fig of poly(A)- 
containing mRNA. 

(2) cDNA synthesis and insertion of said DNA into vector: 

25 

A cDNA was synthesized and a recombinant plasmid with the same inserted therein was constructed by the 
Okayama-Berg method [Mol. Cell. Biol., 2* 161 (1982)]. This process is outlined in Fig. 14. 

Thus, 400 fig of pCDV1 [Okayama & Berg: Mot. Cell. Biol., & 280 (1983)] was added to 300 fil of a solution con- 
taining 10 mM Tris-HCI (pH 7.5), 6 mM MgCI 2 and 10 mM NaCI and, after further addition of 500 units of jfcnl, the plas- 

30 mid was cleaved at its Kpnl site by 6 hours of reaction at 37°C. After phenol-chloroform extraction, DNA was recovered 
by ethanol precipitation. About 200 fig of the Kpnl-deaved DNA was added to 200 |xJ of a solution prepared by adding 
dTTP in a concentration of 0.25 mM to a buffer (hereinafter, TdT buffer) containing 40 mM sodium cacodylate, 30 mM 
Tris-HCI (pH 6.8). 1 mM CaCI 2 and 0.1 mM dithiothreitol (hereinafter, DTT). After further addition of 81 units of terminal 
deoxynucleotidyl transferase (hereinafter, TdT) (P-L Biochemicals), the mixture was incubated at 37°C for 1 1 minutes, 

35 whereby an approximately 67-mer poly(dT) chain was aided to the Kpnl cleavage site 3* terminus of pCDV1. Ethanol 
precipitation from the solution following phenol-chloroform extraction gave about 100 fig of poly(dT) chain-added 
pCDVl DNA. This DNA was added to 150 jxl of 10 mM Tris-HCI (pH 7.5) containing 6 mM MgCI 2 and 100 mM NaCI and, 
after further addition of 360 units of EsqRI, the mixture was incubated at 37°C for 2 hours. After treatment of the reaction 
mixture by the LGT method, a DNA fragment, 3.1 to in length, was recovered. Thus was obtained about 60 fig of 

40 poly(dT) chain-added pCDVl. This DNA was dissolved in 500 |xl of 10 mM Tris-HCI (pH 8.0) containing 1 mM EDTA, 
the solution was incubated at 65°C for 5 minutes and then cooled with ice, and 50 pi of 5 M NaCI was added. The mix- 
ture was subjected to oligo(dA)-cellulose column (Collaborative Research) chromatography. Fragments sufficient in 
(dT) chain length were adsorbed on the column. They were eluted with 10 mM Tris-HCI (pH 8.0) containing 1 mM EDTA 
to give 27 fig of poly(dT) chain-added pCDVl (hereinafter briefly referred to as Vector primer"). 

45 Then, a linker DNA was prepared. 

About 14 jig of pL1 [Okayama & Berg: Mol. Cell. Biol.. 1 280 (1983)] was added to 200 fil of 10 mM Tris-HCI buffer 
(pH 7.5) containing 6 mM MgCI 2 and 50 mM NaCI and, after further addition of 50 units of Esll. the mixture was incu- 
bated at 37°C for 4 hours for cleavage of the pL1 DNA at its £§tl site. After phenol-chloroform extraction of the reaction 
mixture, about 13 fig of Esll-cleaved pL1 DNA was recovered by ethanol precipitation. This DNA (about 13 fig) was 

so added to 50 fil of TdT buffer containing dGTP in a final concentration of 0.25 mM and, after further addition of 54 units 
of TdT (P-L Biochemicals), the fixture was incubated at 37°C for 13 minutes, whereby an oligo(dG) chain (about 14- 
mer) was added to pL1 at its Esll cleavage site 3* terminus. Following phenol-chloroform extraction, DNA was recovered 
by ethanol precipitation. This DNA was added to 100 fil of 10 mM Tris-HCI buffer (pH 7.5) containing 6 mM MgCI 2 and 
60 mM NaCI and, after further addition of 80 units of Hjndlll, the mixture was incubated at 37°C for 3 hours for cleavage 

55 of the pL1 DNA at the Hjndlll site. The reaction mixture was fractionated by agarose gel electrophoresis and a DNA 
fragment of about 0.5 kb was recovered by the DEAE paper method [Dretzen et al.: Anal. Biochem., 112. 295 (1981)]. 
Thus was obtained an oligo(dG) chain-added linker DNA (hereinafter briefly referred to as linker DNA"). 

About 4 fig of the poly(A) RNA and about 1.4 fig of the vector primer, each prepared as mentioned above, were 
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dissolved in 22.3 \i\ of a solution containing 50 mM Tris-HCI (pH 8.3). 8 mM MgCI 2 , 30 mM KCI, 0.3 mM DTT, 2 mM each 
dNTP (dATP, dTTP. dQTP and dCTP) and 10 units of ribonuclease inhfortor (P-L Biochemicals) and, after addition of 10 
units of reverse transcriptase (Seikagaku Kogyo), the mixture was incubated at 41 °C for 90 minutes for synthesis of a 
DNA complementary to the mRIMA. The reaction mixture was subjected to phenol-chloroform extraction and then to eth- 
5 anol precipitation, whereby the vector primer DNA with an RNA-DNA double strand added thereto was recovered. This 
DNA was dissolved in 20 jxl of TdT buffer containing 66 \M dCTP and 0.2 jig of poly(A) and. after addition of 14 units 
of TdT (P-L Biochemicals). the mixture was incubated at 37°C for 2 minutes for addition of an oligo(dC) chain (20-mer) 
to the cDNA 3' terminus. The reaction mixture was subjected to phenol-chloroform extraction and then to ethanol pre- 
cipitation, whereby the cDNA-vector primer DNA with the (dC) chain added was recovered. This DNA was dissolved in 
to 400 jil of 10 mM Tris-HCI (pH 7.5) containing 6 mM MgCI 2 and 60 mM NaCI, 20 units of Hindlll was added, and the 
mixture was incubated at 37°C for 2 hours for cleavage at the Hindlll site. The reaction mixture was subjected to phenol- 
chloroform extraction and then to ethanol precipitation: whereby 0.5 picomole of a (dC) chain-added cDNA-vector 
primer DNA was obtained. A 0.2 picomole portion of this DNA and 0.4 picomole of the above-mentioned linker DNA 
were dissolved in 100 \i) of 10 mM Tris-HCI (pH 7.5) containing 0.1 M NaCI and 1 mM EDTA and the solution was incu- 
rs bated at 65°C for 1 0 minutes, then at 42°C for 25 minutes and further at 0°C for 30 minutes. The solution was made up 
to 1,000 jil so that the resultant solution contained 20 mM Tris-HCI (pH 7.5), 4 mM MgCI 2 , 10 mM (NH^SO* 0.1 M 
KCI and 0. 1 mM p-N AD. To the solution was added 25 units of Escherichia gpJi DNA ligase (New England BioLabs). The 
mixture was incubated at 1 1°C for 18 hours. After addition of each dNTP (40 jiM) and p-NAD (to a final concentration 
of 0.15 mM), followed by addition of 10 units of Escherichia coli DNA ligase. 20 units of Escherichia sgji DNA polymer- 
ic ase I (P-L Biochemicals) and 1 0 units of Escherichia coli ribonuclease H (P-L Biochemicals). the resultant solution was 
incubated at 1 2°C for 1 hour and then at 25°C for 1 hour. The above reaction procedure caused cyclization of the cDN A- 
containing DNA and substitution of DNA for the RNA portion of the RNA-DNA double 6trand. giving a recombinant plas- 
mid having a completely double-stranded DNA structure. 

25 (3) Selection of human t-PA cDNA-containing recombinant DNA: 

Then, colony hybridization was performed and the t-PA cDNA was selected as a clone capable of associating with 
a 32 P-labeled synthetic DNA identical in base sequence with the base sequence of a part of the t-PA signal peptide 
region of human t-PA cDNA [Pennica et al.: Nature, 301.214 (1983)], namely 32 P-labeled 5-ATGGATGCAATGAAGA- 

30 GAGGGCTCTGCTGT-3\ which was used as a probe, in the following manner. 

First, the recombinant plasmid obtained in (2) was used to tranform Escherichia coli C600 SF8 [Cameron: Proc. 
Natl. Acad. Sci. USA. 22, 3416 (1975)] by the method of Hanahan [J. Mol. Biol., 166, 557 (1983)]. About 10,000 colo- 
nies obtained were immobilized on nitrocellulose filters by the method of Hanahan and Meselson [Methods in Enzymol- 
ogy, 1QQ, 333 (1983)]. Prehybridization on each filter was performed in a solution containing 6 x NET [1 x NET = 150 

35 mMNaCI. 15 mM Tris-HCI (pH 7.5), 1 mM EDTA], 10 x Denhardt solution and 100 fig/ml of fragmented Escherichia coli 
chromosome DNA at 65°C for 4 hours or longer. The above-mentioned ^P-labeled probe was added to this prehybrid- 
ization solution and allowed to associate with DNA on the filter (65°C, 16 hours or longer). Then, the filter was washed 
twice with 6 x SSC (1 x SSC ■ 150 mM NaCI, 15 mM sodium citrate) (room temperature, 5 minutes/washing), then 
washed with a solution containing 2 x SSC and 0.1% SDS at 65°C for 30 minutes, further washed with a solution con- 

40 taining 2 x SSC and 0.1% SDS at 65°C for 15 minutes and, finally, washed twice with 6 x SSC at room temperature (5 
minutes/washing). The filter was air-dried and then subjected to autoradiography for positive clone identification. The 
base sequence of the cDNA of a plasmid, ptPA7, carried by one positive clone thus identified was determined by the 
dideoxy sequencing method using M13 phage and found to code for t-PA in complete agreement with the amino acid 
sequence of t-PA as reported by Pennica et a!. [Nature, 301 214 (1983)] except for the substitution of GAT and ACC for 

45 the codon (GAC) for the 95th amino acid (asparagine) and the codon (ACA) for the 512th amino acid (threonine), 
respectively, in mature t-PA. 

This bacterial strain has been deposited, since September 3, 1987, with the Fermentation Research Institute as 
Escherichia coli EtPA7 under the deposit number FERM BP-1467 in accordance with Budapest Treaty. 

so (Reference Examples 2 and 3 deleted) 

Reference Example 4 

Construction of hG-CSF cDNA-carrying plasmids pCSF1-2 and pCSF2: 

55 

(1) Preparation of poly(A) RNA from normal human peripheral Wood macrophages: 

Leukocytes obtained from normal human peripheral blood by centrif Ligation were cultured in a plastic bottle, adher- 



EP0 370 205B1 



ent cells, i.e. macrophages, were isolated by removing nonadherent cells by washing, and a poly(A)-oontaining RNA 
was prepared from these macrophages by the guanidine thiocyanate-lithium chloride method [Cathala et aL: DNA, Z, 
329 (1 983)], as mentioned below. 

Normal human peripheral Wood (400 ml) was centrifuged at 1 .800 rpm for 20 minutes using a Hitachi RPR10 rotor. 

5 The blood cells segmented were suspended in 50 ml of phosphate-buffered saline [8 g/liter Nad, 0.2 g/liter KCI, 1 .15 
g/iiter anhydrous Na 2 HP0 4 and 0.2 g/liter KH 2 P0 4 (pH 7.2); hereinafter referred to as "PBS"]. A 25-ml portion of this 
suspension was layered on 25 ml of lymphocyte separating solution (Bionetics) and centrifugation was performed at 
1 ,800 rpm for 30 minutes using a Hitachi RPR10 rotor. The middle leukocyte layer was recovered, and the leukocytes 
were washed with an equal volume of PBS (1 ,500 rpm, 10 minutes, Hitachi RPR10 rotor), suspended in 20 ml of RPMI 

w 1 640 medium (Nissui Pharmaceutical) containing 5% fetal bovine serum and cultured in a flask for tissue culture (Corn- 
ing). After 1 .5 hours of cultivation at 37°C, the culture supernatant was removed together with nonadherent cells. After 
addition of a fresh 20-ml portion of the same medium and Escherichia &|i-derived lipopolysaccharide (LPS) (to a con- 
centration of 0.3 mg/ml), further cultivation was carried out at 37°C for 4 hours. Then, cells were collected from the cul- 
ture fluid by centrifugation (1 ,100 x g, 4°C. 10 minutes), washed with 80 ml of PBS and solubilized in 10 ml of 50 mM 

75 Tris-HCI (pH 7) containing 5 M guanidine thiocyanate, 1 0 mM EDTA and 8% (v/v) 2-mercaptoethanol by means of a vor- 
tex mixer. The solubilization product was transferred to a centrifuge tube, 80 ml of 4 M Lid was added, and the mixture 
was stirred and then allowed to stand at 4°C for 20 hours. RNA was recovered as a sediment by 90-minute centrifuga- 
tion at 9,000 rpm using a Hitachi RPR10 rotor. The RNA sediment was suspended in 50 ml of a solution containing 4 
M urea and 2 M lithium chloride and RNA was again recovered by centrifugation (9,000 rpm, 60 minutes, Hitachi 

20 RPR10 rotor). 

The RNA sediment was dissolved in 10 ml of 10 mM Tris-HCI (pH 7.5) containing 0.1% sodium lauryl sulfate and 1 
mM EDTA and, after phenol-chloroform extraction, RNA was recovered by ethanol precipitation. The RNA obtained 
(about 0.8 mg) was dissolved in 1 ml of Tris-HCI (pH 8.0) containing 1 mM EDTA After 5-minute incubation at 65°C, 0.1 
ml of 5 M NaCI was added. The mixture was subjected to chromatography on an oligo(dT)-cellulose column (P-L Bio- 
25 chemicals) (column volume 0.5 ml). Elution of adsorbed, poly(A)-containing mRNA with 10 mM Tris-HCI (pH 7.5) con- 
taining 1 mM EDTA gave about 30 yg of poly(A)-containing mRNA. 

(2) Synthesis of cDNA and insertion of the cDNA into vector: 

30 Following the Okayama-Berg method [Mol. Cell. Biol.. 2. 161 (1982)], cDNA synthesis was performed and a plas- 
mid was constructed with the synthesized cDNA inserted therein. The processes therefor are schematically illustrated 
in Fig. 14. 

About 3 m of the poly(A) RNA prepared as mentioned above and about 1 .4 ng of the vector primer were dissolved 
in 22.3 jil of 50 mM Tris-HCI (pH 8.3) containing 8 mM MgCI 2 , 30 mM KCI, 0.3 mM DTT, 2 mM each dNTP (dATP, dTTP, 

35 dGTP, dCTP) and 10 units of ribonuclease inhibitor (P-L Biochemicals) and, after addition of 10 units of reverse tran- 
scriptase, incubation was carried out at 41 °C for 90 minutes for the synthesis of DNA complementary to the mRNA. The 
reaction mixture was subjected to phenol-chloroform extraction and then to ethanol precipitation, whereby the vector 
primer DNA with an RNA-DNA double strand added thereto was recovered. Tris DNA was dissolved in 20 nl of TdT 
buffer containing 66 yM dCTP and 0.2 ng of poly(A) and, after addition of 1 4 units of TdT (P-L Biochemicals), incubation 

40 was conducted at 37°C for 2 minutes for addition of an oligo(dC) chain (about 20-mer) to the 3* terminus of the cDNA. 
The reaction mixture was subjected to phenol-chloroform extraction and then to ethanol precipitation, whereby the 
cDNA-vector primer DNA with the (dC) chain added thereto was recovered. This DNA was dissolved in 400 yl of 1 0 mM 
Tris-HCI (pH 7.5) containing 6 mM MgCI 2 and 60 mM NaCI and, after addition of 20 units of Hindlll, incitoation was per- 
formed at 37°C for 2 hours for cleavage at the HiQdlll site. The reaction mixture was subjected to phenolchloroform 

45 extraction and then to ethanol precipitation to give 0.5 picomole of a (dC) chain-added cDNA-vector primer DNA. A 0.2- 
picomole portion of the DNA and 0.4 picomole of the above-mentioned linker DNA were dissolved in 100 |xl of 10 mM 
Tris-HCI (pH 7.5) containing 0.1 M NaCI and 1 mM EDTA and the solution was incubated at 65°C for 10 minutes, then 
at 42°C for 25 minutes and finally at 0°C for 30 minutes. The reaction mixture was adjusted to a final volume of 1 ,000 
\i\ such that the final solution contained 20 mM Tris-HCI (pH 7.5). 4 mM MgCI 2 , 10 mM (NH 4 ) 2 S0 4 , 0.1 M KCI and 0.1 

so mM p-N AD. To this reaction mixture was added 25 units of Escherichia coli -derivad DNA ligase (New England Bio Labs). 
Incubation Was conducted at 1 1 °C for 1 8 hours. The reaction mixture was supplemented with each dNTP (40 yM) and 
p-N AD (to a final concentration of 0.15 mM) and, after addition of 10 units of Escherichia coli-derived DNA ligase, 20 
units of Escherichia coli-derived DNA polymerase I (P-L Biochemicals) and 10 units of Escherichia coli-derived ribonu- 
clease H (P-L Biochemicals), incubation was carried out at 12°C for 1 hour and then at 25°C for 1 hour. The reactions 

55 mentioned above resulted in circularization of the cDNA-containing recombinant DNA and DNA substitution for the RNA 
portion of the RNA-DNA double strand to give a completely double-stranded recombinant plasmid. 
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(3) Selection of hQ-CSF cDNA^ontaining recombinant DNA: 

The recombinant plasmid obtained as described above in (2) was used to transform Escherichia ttll C600 SF8 by 
the method of Scott et al. [K. Shigesada: Saibo Kogaku (Cell Technology. Z 616 (1983)]. About 9.200 colonies 
obtained were fixed on nitrocellulose filters. Two strains capable of strongly hybridizing at 60°C with the 32 P-labeled 
probe prepared by labeling of a synthetic 27-base DNA S -ACCCCCCTGOQCCCTQCCAGCTCCCTQ-S' correspond- 
ing to the N-terminal nine amino acids of the mature hQ-CSF protein isolated by Nagata et al. [Nature. 213, 41 5 (1 986)] 
were selected by the Grunstein-Hogness method [Proc. Natl. Acad. Sci. USA, JZ, 3961 (1975)]. The whole base 
sequence of the cDNA in the plasmkJs pCSFl -2 and pCSF2 harbored by these strains was determined by the dideoxy 
sequencing method using M13 phage. As a result, the cDNA contained in pCSF1-2 and pCSF2 was found to be one 
coding tor hG-CSF. A microorganism harboring the plasmid pCSF1-2 and a microorganism harboring the plasmid 
pCSF2 have been deposited with the Fermentation Research Institute under the designations of Escherichia fiQli 
ECSF1-2 (deposit nunrter FERM BP-1220) and Escherichia cqH ECSF2 (deposit number FERM BP-2073) in accord- 
ance with the Budapest Treaty. 

Reference Examples 

Construction of recombinant plasmid pTrS33: 
(1) Construction of ATG vector pTrS20: 

An ATG vector, pTrS20, containing the SD sequence and ATG initiation codon separated from each other by 14 
bases and having a Sfld site immediately behind the ATG codon was constructed by the process shown in Fig. 18. 

First, 3 fig of pKYPIO prepared by the method descrtoed in JP-A-58-1 10600 or US. Patent 4,686,191 was dis- 
solved in 30 nl of Y-100 buffer, 6 units each of the restriction enzymes BaQlll and Nryl (new England BioLabs) were 
added, and cleavage was effected at 37°C for 3 hours. About 0.5 no of a Ptrp-containing DNA fragment about 3.8 Kb in 
size (ganlll-tol fragment) was recovered from the reaction mixture by the LGT method. 

Separately, for providing an ATG initiation codon downstream from Ptrp, the following DNA linker was synthesized 
by the phosphotri ester method: 



The synthetic 19-mer and 17-mer DNAs (each 10 picomoles) were dissolved in a total volume of 20 fil of 50 mM Tris- 
HCI (pH 7.5) containing 10 mM MgCI 2 , 5 mM dithiothre'rtol, 0.1 mM EDTA and 1 mM ATP, 3 units of T4 polynucleotide 
kinase (Takara Shuzo) was added, and phosphorylation was carried out at 37°C for 60 minutes. 

Then 0.1 fig of the pKYP-10-derived Banlll-Nrul fragment (about 3.8 kb) obtained 86 described above and about 
0.5 picomole of the above DNA linker were dissolved in 20 \i\ of T4 ligase buffer, 2 units of T4 DNA ligase was further 
added, and ligation was performed at 4°C for 18 hours. 

The thus-obtained recombinant plasmid mixture was used to transform Escherichia soft HB101 [Bolivar et al.: 
Gene. Z 75 (1977)] and Ap r colonies were obtained. One of these colonies was cultured and the plasmid DNA was 
recovered from cultured cells. The structure of the plasmid obtained was confirmed by agarose gel electrophoresis fol- 
lowing cleavage with the restriction enzymes EcoRL Banlll. HindllL §&£l and Noil. This plasmid was named pTrS20 
(Fig. 18). The base sequence in the vicinity of the Banlll and Hindlll sites of pTrS20 was confirmed by the dideoxy 
sequencing method using M13 phage to be as folows: 




Kru I 



-3'(19-r:sr) 
-5' (17-mer) 



so 

sequence 
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(2) Construction of pTrS33: 

About 3 fig of the pTrS20 plasmid DNA obtained as mentioned above was dissolved in 30 pJ of Y-0 buffer, 12 units 
of Sflfil was added, and digestion was carried out at 37°C for 2 hours. Then, 1 .5 \i\ of 2 M NaCI and 1 0 units of Efill were 
further added and digestion was effected at 37°C for 2 hours. After 10-minute heat treatment at 65°C, a DNA fragment 
about 1.15 kb in size was purified by the AFT method. Separately, 2 \xq of pKYP26 prepared by the method described 
in JP-A-62-48699 corresponding to EP-A-0 214 555 [a pKYP26-carrying strain of Escherichia coli has been deposited 
with the Fermentation Research Institute under the designation Escherichia coli IKYP26 (deposit number FERM BP* 
863) in accordance with the Budapest Treaty] was dissolved in 30 \i\ of Y-100 buffer, 8 units of Efill and 19 units of 
BamHI were added, and digestion was effected at 37°C for 2 hours. After 10-minute heat treatment at 65°C, a DNA frag- 
ment about 1.7 kb in size was purified by the AFT method. Further, separately. 2 \iq of the M13mp18RF DNA [Nor- 
rander, J. et at.: Qene, 2& 101 (1983); the M13mp18RF DNA was obtained from Takara Shuzo] was dissolved in 30 \l\ 
of Y-0 buffer, 10 units of Sac I was added, and digestion was conducted at 37°C for 2 hours. After addition of 1.5 of 1 
M NaCI and 10 units of Oal, digestion was further carried out at 37°C for 2 hours. After 10-minute heat treatment at 
65°C, a DNA fragment about 0.65 kb in size was purified by the AFT method. Separately from these, the two synthetic 
DNAs (43 bases and 45 bases) shown below were synthesized using an Applied Biosystems model 380A DNA synthe- 
sizer and individually subjected to ^-phosphorylation by the method mentioned above. 

(43 bases) 

5* -CGATAAGCTTATGATATCCAACGTCGACGACGGCGTCGAACCATGGCCG-3 1 
3 1 -TATTCGAATACTATAGGTTGCAGCTGCTGCCGC AGCTTGGTACCGGCCTAG - 5 1 

(45 bases) 

The thus-obtained pTrS20*derrved 1.15 kb DNA fragment (about 0.1 ng). pKYP26-derived 1.7 kb DNA fragment 
(about 0.1 fig), M1 3mp1 8-derived 0.65 kb DNA fragment (about 0.05 |ig) and 5'-phosphorytated synthetic DNAs (each 
1 picomole) were dissolved in 20 (il of T4 ligase buffer, 50 units of T4 DNA (igase was added, and ligation was carried 
out at 4°C for 18 hours. 

The thus-obtained recombinant plasmid mixture was used to transform Escherichia coli MM294. The plasmid 
pTrS33 was isolated from one of the Ap-resistant transformant strains obtained. Structural analysis by restriction 
enzyme digestion and sequencing by the dideoxy method confirmed that pTrS33 had the desired structure (cf. Fig. 1 9). 

Reference Example § 

Construction of plasmid pTerm2: 

About 2 fig of the pKYP26 plasmid DNA (JP-A-62-48699) was dissolved in 30 ^ of 10 mM Tris-HCI (pH 8.0) con- 
taining 75 mM NaCI, 7 mM MgCI 2 and 6 mM 2-mercaptoethanol, 16 units of Asp 718 (Boehringer Mannheim) and 10 
units of Psil were added, and digestion was effected at 37°C for 2 hours. After 10-minute heat treatment at 65°C, a DNA 
fragment about 1.7 kb in size was purified by the AFT method. Separately, about 2 ng of the pTrS20 plasmid DNA 
obtained as described in Reference Example 5-(1) was dissolved in 30 \x\ of Y-100 buffer, 8 units of Esll and 10 units of 
Nryl (Boehringer Mannheim) were added, and digestion was carried out at 37°C for 2 hours. After 10-minute heat treat- 
ment at 65°C, a DNA fragment about 1.5 kb in size was purified by the AFT method. Further, separately, the two syn- 
thetic DNAs (19 bases and 23 bases) shown in Fig. 20 were synthesized using an Applied Biosystems model 380A 
DNA synthesizer and individually subjected to S'-phosphorylation by the method mentioned above. 

The thus-obtained pKYP26-derived 1.7Kb DNA fragment (about 0.1 jig), pTrS20-derived 1.15 Kb DNA fragment 
and two S'-phosphorylated synthetic DNAs (each 1 picomole) were dissolved in 20 \i\ of T4 ligase buffer, 50 units of T4 
DNA ligase was added, and ligation was carried out at 4°C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 to give Ap-resistant 
strains. The plasmid DNA isolated from one of the transformants and named pTerm2 was examined by structural anal- 
ysis by restriction enzyme digestion and by sequencing by the dideoxy method. It was confirmed that pTerm2 had the 
desired structure (cf. Fig. 20). 
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Reference Example 7 

Construction of recombinant plasmid pTSF10: 

5 From cultured cells of Escherichia Bffi C600 SF8 harboring the human t-PA cDNA-oontaining plasmid ptPA7 
obtained in Reference Example 1 , there was prepared the ptPA7 DNA by the conventional method. About 2 of the 
ptPA7 DNA obtained was dissolved in 30 jil of Y-1 00 buffer, 8 units of the restriction enzyme Bolll was added, and diges- 
tion was effected at 37°C for 2 hours. After 10-minute heat treatment at 65°C, a DNA fragment about 2.0 Kb in size was 
purified by the AFT method. Separately, about 2 jig of the pTrS33 DNA (Reference Example 5) was dissolved in 30 jil 

w of Y-100 buffer, 10 units of the restriction enzyme EamHI was added, and digestion was carried out at 37°C for 2 hours. 
After 1 0-minute heat treatment at 65°C, a DNA fragment about 2.8 kb in size was purified by the AFT method. 

The thus-obtained ptPA7«derived 2.0 Mb DNA fragment (about 0.1 «0 and pTrS33-derived 2.8 kb DNA fragment 
(about 0.1 ng) were dissolved in a total volume of 20 \i\ of T4 ligase buffer, 50 units of T4 DNA ligase was added, and 
ligation was carried out at 4°C for 18 hours. 

is The recombinant plasmid mixture obtained was used to transform Escherichia ggli MM294 to give Ap-resistant 
strains. The plasmid DNA isolated from one of the transformants was named pTSF10 and subjected to structural anal- 
ysis by restriction enzyme digestion. It was confirmed that this plasmid had the desired structure (cf. Fig. 21). 

Reference Example 8 

20 

Construction of recombinant plasmid pTA4; 

About 3 ng of the pTSF10 plasmid DNA obtained in Reference Example 7 was dissolved in 30 ^1 of YO buffer, 12 
units of the restriction enzyme KpqI was added, and digestion was effected at 37°C for 2 hours. Then, 1 .5 yJ of 3 M NaCI 
2$ and 1 2 units of the restriction enzyme BstEII (New England BioLabs) were added, and digestion was further conducted 
at 60°C for 2 hours. Thereafter, a DNA fragment about 0.3 kb in size was purified by the AFT method. 

Separately, Escherichia coli IQHA2 (deposited with the Fermentation Research Institute under the deposit number 
FERM BP-400) was cultured and the pQHA2 plasmid DNA (JP-A-60-221091 or EP-A-0 152 613) was prepared from 
cultured cells by the conventional method. About 2 fig of the pGHA2 DNA obtained was dissolved in 30 ^ of Y-100 
so buffer, 8 units of £&(! and 8 units of BgNI were added, and digestion was effected at 37°C for 2 hours. After 10-minute 
heat treatment at 65°C, a DNA fragment about 0.75 kb in size was purified by the AFT method. 

Separately, about 3 |ig of the ptPA7 DNA (Reference Example 1) was dissolved in 30 pJ of Y-1 50 buffer, 10 units of 
figlll was added, and digestion was effected at 37°C for 2 hours. Then, 12 units of BfiEli was added and digestion was 
further conducted at 60°C for 2 hours, followed by purification of a DNA fragment about 1 .55 kb in size using the AFT 
35 method. 

Further, separately, about 2 \iq of the pTerm2 DNA obtained in Reference Example 6 was dissolved in 30 \i\ of Y-0 
buffer, 12 units of KqqI was added, and digestion was carried out at 37° C for 2 hours. Then, 1,5 pJ of 2 M NaCI and 8 
units of Esll were added and digestion was further effected at 37°C for 2 hours, followed by purification of a DNA frag- 
ment about 1 .7 kb in size using the AFT method. 

40 The thus-obtained four DNA fragments (0.03 }ig of the pTSF10-derived fragment, 0.05 wg of the pGHA2 -derived 
fragment, 0.1 yg of the ptPA7-derived fragment and 0.1 ^ig of the pTerm2-derived fragment) were dissolved in 20 \i\ of 
T4 ligase buffer, 200 units of T4 DNA ligase was added, and ligation was carried out at 4°C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 to give Ap-resistant 
strains. The plasmid DNA isolated from one of these transformants was named pTA4 and subjected to structural anal- 

45 ysis by restriction enzyme digestion. It was confirmed that pTA4 had the desired structure (cf. Fig. 22). 

Reference Example 9 

Construction of t-PA expression plasmid pSE1 PA1 SE1dhfr1 -9A: 

50 

(1) Construction of recombinant plasmid pAGE105M: 

Escherichia coli HB101 harboring the plasmid pAGE28 constructed by the present inventors [Mizukami et al.: J. 
Biochem., lfll 1307-1310 (1987)] was cultured and the pAGE28 DNA was prepared from cultured cells by the conven- 
55 tional method. About 2 [ig of the pAGE28 DNA obtained was dissolved in 30 \i\ of Y-1 00 buffer, 8 units of Xhfil and 1 2 
units of Seal were added, and digestion was effected at 37°C for 2 hours. After 10-minute heat treatment at 65°C, a 
DNA fragment about 2.8 kb in size was purified by the AFT method. Separately, Escherichia coli HB101 harboring the 
plasmid pAGEl03 constructed by the present inventors [Mizukami et al.: J. Biochem., 1QL 1307-1310 (1987); FERM 



EP0 370 205B1 



BP-1312] was cultured and the pAQE103 DNA was prepared from cultured cells by the conventional method. About 
3jig of the pAGE103 DNA obtained was dissolved in 30 }il of Y-100 buffer, 10 units of EcqRI was added, and digestion 
was conducted at 37°C for 2 hours. A DNA fragment was recovered by ethanol precipitation following phenol-chloroform 
extraction. This DNA fragment was dissolved in a total volume of 40 jil of polymerase buffer, 6 units of the Wenow frag- 

5 ment was added, and reaction was carried out at 1 5°C for 1 hour, whereby the EcqRI cohesive ends were converted to 
blunt ends. The reaction was terminated by phenol-chloroform extraction, the DNA fragment was recovered by ethanol 
precipitation. This DNA fragment was dissolved in 30 \i\ of Y-100 buffer, 12 units of 281QI was added, and digestion was 
performed at 37°C for 2 hours. After 1 0-minute heat treatment at 65°C, a DNA fragment about 0.4 kb in size was purified 
by the AFT method. Furthermore. Escherichia ooli HB101 harboring the plasmid pKCR constructed by O'Hara et al. 

to [Proc. Natl. Acad. Sci. USA, Zg, 1527 (1981)] was cultured and the pKCR DNA was prepared from cultured cells by the 
conventional method. About 2 ng of the pKCR DNA obtained was dissolved in 30 \i\ of Y-1 50 buffer, 1 2 units of UstqHI 
and 16 units of Sail were added, and digestion was carried out at 37°C for 2 hours. After phenol-chloroform extraction, 
a DNA fragment was recovered by ethanol precipitation. This DNA fragment was dissolved in a total volume of 40 pJ of 
polymerase buffer, 6 units of the Wenow fragment was added, and reaction was carried out at 1 5°C for 1 hour, whereby 

75 the BamHI cohesive end and Sail cohesive and were converted each to a blunt end. After 1 0-minute heat treatment at 
65°C, a DNA fragment about 1 .85 kb in size was purified by the AFT method. 

The thus-obtained pAGE28-derived 2.8 kb DNA fragment (about 0.05 jig), pAQE1 03-derived 0.4 kb DNA fragment 
(about 0.03 \iq) and pKCR-derived 1 .85 kb DNA fragment (about 0.2 |tg) were dissolved in 20 fil of T4 ligase buffer, 300 
units of T4 DNA ligase was added, and ligation was carried out at 4°C for 18 hours. 

20 The thus-obtained recombinant plasmid mixture was used to transform Escherichia call MM294 and kanamycin 
(hereinafter briefly referred to as Km)-resistant strains. The plasmid isolated from one of these transformant strains was 
named pAGE105M and subjected to structural analysis by restriction enzyme digestion. It was confirmed that 
PAGE105M had the desired structure (cf. Fig. 23). 

25 (2) Construction of recombinant plasmid pAGE 1 06: 

About 2 of the pAGE105M DNA obtained as described above was dissolved in 30 jil of Y-100 buffer, 12 units of 
Seal was added, and digestion was carried out at 37°C for 2 hours. After 1 0-minute heat treatment at 65°C, a DNA frag- 
ment about 5.0 kb in size was purified by the AFT method. Separately, a 5-phosphorylated EcfiRI linker was prepared 
30 in the same manner as in Example 1 . 

The thus-obtained pAGE105M-derived 5.0 kb DNA fragment (about 0.1 \iq) and 1 picomole of the S'-phosphor- 
ylated Eco RI linker were dissolved in 20 \i\ of T4 ligase buffer, 100 units of T4 DNA ligase was added, and ligation was 
carried out at 4°C for 1 8 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia qqU MM294 and Km-resistant 
35 strains were obtained. The plasmid DNA isolated from one of these transformant strains was named pAGE 1 06. Struc- 
tural analysis by restriction enzyme digestion confirmed that pAGE106 had the desired structure (cf. Fig. 24). 

(3) Construction of t-PA expression plasmid pSE1PA1 -5: 

40 About 2 ng of the pAGE1 06 DNA obtained as described above was dissolved in 30 |xl of YO buffer, 1 2 units of Kpnl 
was added, and digestion was conducted at 37°C for 2 hours. Then, 1.5 of 2 M NaCI and 10 units of BamHI were 
added and digestion was further carried out at 37°C for 2 hours. After 1 0-minute heat treatment at 65°C, a DNA frag- 
ment about 5.0 kb in size was purified by the AFT method. Separately, about 3 fig of the ptPA7 plasmid DNA obtained 
in Reference Example 1 was dissolved in 30 \i\ of YO buffer containing 75 mM NaCI, 12 units of EoW and 12 units of 

45 EqqB I were added, and digestion was effected at 37°C for 2 hours. After 1 0-minute heat treatment at 65°C. a DNA frag- 
ment about 0.7 kb in size was purified by the AFT method. Furthermore, the following two synthetic DNAs (21 bases 
and 21 bases) were synthesized using an Applied Biosystems model 380A DNA synthesizer and individually 5'-phos- 
phorylated by the method mentioned in Example 1. 

5 ' _ GATCCATGGATGCAATGAAGA -3' (21 bases) 
3' - GTACCTACGTTACTTCTCTCC -5' ( 2 l bases) 

55 The thus-obtained pAGE106-derived 5.0 kb DNA fragment (about 0.1 jig) and ptPA7-derived 0.7 kb DNA fragment 
(about 0. 1 jig) as well as the pTA4-derived 1 .4 kb EcoRI- Kpn l fragment (about 0.05 jig) prepared in Reference Example 
8 and the two 5'-phosphorylated synthetic DNAs obtained as described above (each 1 picomole) were dissolved in 20 
lil of T4 ligase buffer, 50 units of T4 DNA ligase was added, and ligation was carried out at 4°C for 18 hours. 
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The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 and Km-resistant 
strains were obtained. The plasmid DNA isolated fr m one of these transformant strains was named pSE1 PA1 -5. Struc- 
tural analysis by restriction enzyme digest! n as well as sequencing by the dideoxy method using M1 3 phage confirmed 
that pSE1 PA1-5 had the desired structure (cf. Fig. 25). 

(4) Construction of t-PA expression plasmid pSE1 PA1 -9: 

About 2 \iq of the pSE1PA1-5 DNA obtained as described above was dissolved in 30 \i\ of Y-0 buffer, 12 units of 
Kpn l was added, and digestion was carried out at 37°C for 2 hours. Then, after addition of 1 .5 |xl of 2 M NaCl and 8 units 
of HiQdl II, further digestion was carried out at 37°C for 2 hours. After 1 0-minute heat treatment at 65°C, a DNA fragment 
about 5.0 tt> in size was purified by the AFT method. Separately, about 2 jig of the pSE1 PA1-5 DNA was dissolved in 
30 \i\ of Y-0 buffer, 1 2 units of KbqI was added, and digestion was effected at 37°C for 2 hours. Then, 1 .0 jii of 2 M NaCl 
and 10 units of N^l were added and further digestion was effected at 37°C for 2 hours. After 1 0-minute heat treatment 
at 65°C, a DNA fragment about 4.9 kb in size was purified by the AFT method. Furthermore, the following four synthetic 
DNAs (47 bases, 49 bases. 49 bases and 47 bases; these synthetic DNAs constitute a part of S'-nontranslational region 
of the t-PA cDNA) were synthesized using an Applied Biosystems model 380A DNA synthesizer and individually 5'- 
phosphorylated in the same manner as mentioned in Example 1 . 

(47 bases) 

5'-AGCTTGAGATCCTACABGAGTCCAGGGCTGGAGAGAAAACCTCTGCG- 3' 

3'-ACTCTAGGATGTCCTCAGGTCCCGACCTCTCTTTTGGAGACGCTCCTTT- 5' 

(49 bases) 
(49 bases) _ . 

5'-AGGAAAGGGAAGGAGCAAGCCGTGAATTTAA6GGACGCTGTGAA6CAAT-3' 

3'-CCCTTCCTCGTTCGGCACTTAAATTCCCTGCGACACTTCGTTAGTAC-5' 

(47 bases) 



The thus-obtained pSElPAl-5-derived 5.0 kb DNA fragment (about 0.1 \xg) and pSElPAl-5-derived 4.9 kb DNA 
fragment (about 0.1 ng) as well as the four S'-phosphorylated synthetic DNAs (each 1 picomole) were dissolved in 20 
III of T4 ligase buffer, 50 units of T4 DNA ligase was added, and ligation was carried out at 4°C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 to give Km-resistant 
strains. The plasmid DNA isolated from one of these transformant strains was named pSEl PA1 -9. Structural analysis 
by restriction enzyme digestion and sequencing by the dideoxy method using M13 phage confirmed that pSE1PA1-9 
had the desired structure (cf. Fig. 26). 

(5) Construction of recombinant plasmid pUC1 9H (rendering Ap resistance gene portable): 

Escherichia coli HB101 harboring the plasmid DNA pUC19 constructed by Norrander et al. [Norrander, J. et al.: 
Gene, 2& 101 (1983); the pUC19 plasmid DNA is available from Takara Shuzo] was cultured and the pUCl9 DNA was 
prepared from cultured cells by the conventional method. About 2 |ig of the pUC19 DNA obtained was dissolved in 30 
}il of Y-50 buffer, 1 0 units of Hindlll and 1 unit of Dial were added, and digestion was performed at 37°C for 1 hour. This 
reaction resulted in complete digestion with Hindlll and partial digestion with Dial. After 1 0-minute heat treatment at 
65°C, two DNA fragments, namely a Hindlll-Dral fragment about 1 .55 kb in size and a Dral-Hindllt fragment about 1.1 
kb in size, were purified by the AFT method. Separately, 20 picomoles of a Hindlll linker (CAAGCTTG; Collaborative 
Research) was S-phosphorylated by the method mentioned in Example 1 . 

The thus-obtained pUC1 9-derived 1 .55 kb DNA fragment (0.03 jig) and 1 .1 kb DNA fragment (0.03 ng) were dis- 
solved, together with 1 picomole of the S'-phosphorylated Hindlll linker, in 20 jil of T4 ligase buffer, 50 units of T4 DNA 
ligase was added, and ligation was carried out at 4°C for 1 8 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 and Ap-resistant strains 
were obtained. The plasmid DNA isolated from one of these transformants was named pUC19H. Structural analysis by 
restriction enzyme digestion confirmed that pUCl9H had ihe desired structure (cf. Fig. 27). 
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(6) Construction of recombinant ptasmid pSE1 PA1 -9A (insertion of Ap resistance gene into pSE1 PA1 -9): 

About 2 pg of the pUC1 9H plasmkj DNA obtained as described above was dissolved in 30 uJ of Y-50 buffer, 8 units 
of Hindlll and 8 units of Eyjill were added, and digestion was conducted at 37°C for 2 hours. Following phenol-chloro- 

5 form exatraction, a DNA fragment was recovered by ethanol precipitation. This DNA fragment was dissolved in a total 
volume of 40 pi of polymerase buffer, 6 units of the Klenow fragment was added, and reaction was carried out at 15°C 
for 1 hour for conversion of the Hindlll cohesive end to a blunt end. After 1 0-minute heat treatment at 65°C, a DNA frag- 
ment about 1.4 kb in size was purified by the AFT method. Separately, about 2 jig of the t-PA expression plasmid 
pSEl PA 1-9 obtained as described above was dissolved in 30 \i\ of Y-150 buffer, 8 units of &&I and 8 units of EcoRV 

w were added, and digestion was effected at 37°C for 2 hours. After 10-minute heat treatment at 65°C, a DNA fragment 
about 5.9 kb in size was purified by the AFT method. Further, separately, about 3 pg of the pAGE28 plasmid prepared 
as described above was dissolved in 30 pi of Y-150 buffer, 10 units of Xho l and 10 units of EcoRV were added, and 
digestion was carried out at 37°C for 2 hours. After 10-minute heat treatment at 65°C, a DNA fragment about 0.85 kb 
in size was purified by the AFT method. 

15 The thus-obtained pUC19H-derived 1. 4 kb DNA fragment (about 0.1 pg),pSE1PA1-9-derived 5.9 to DNA fragment 
(about 0.1 \iq) and pAGE28-derived 0.85 kb DNA fragment (about 0.05 |ig) were dissolved in 20 pi of T4 ligase buffer, 
100 Units of T4 DNA ligase was added, and ligation was carried out at 4°C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 and strains resistant to 
both Ap and Km were obtained. The plasmid DNA isolated from one of these transformant strains was named 

20 pSE 1 PA1 -9A. Structural analysis by restriction enzyme digestion confirmed that it had the desired structure (cf . Fig. 28). 
A microorganism harboring the plasmid DNA pSE 1 PA1 -9A has been deposited, since September 3, 1 987, with the 
Fermentation Research Institute under the designation Escherichia coli EhPA1-9A (deposit number FERM BP-1460) in 
accordance with the Budapest Treaty. 

25 (7) Construction of recombinant plasmid pSE1dhfr1 A: 

About 2 fig of the pAGE106 plasmid DNA obtained as described above was dissolved in 30 jxJ of Y-50 buffer, 12 
units of Asp 718 (Boehringer Mannheim), and digestion was effected at 37°C for 2 hours. After phenol-chloroform 
extraction, a DNA fragment was recovered by ethanol precipitation. This DNA fragment was dissolved in a total volume 

30 of 40 til of polymerase buffer, 6 units of the Klenow fragment was added, and reaction was carried out at 1 5°C for 1 hour 
for conversion of the Asp71 8 cohesive ends to blunt ends. Then, after phenol-chloroform extraction, the DNA fragment 
was recovered by ethanol Precipitation and dissolved in a total volume of 30 |xl of Y-150 buffer, 10 units of MW was 
added, and digestion was effected at 37°C for 2 hours. After 10-minute heat treatment at 65°C, a DNA fragment about 
3.3 kb in size was purified by the AFT method. 

35 Separately, about 3 pg of the pSV2dhfr plasmid DNA [Subramani et al.: Mol. Cell. Biol., 1 854 (1981)] containing 
the dhfr gene was dissolved in 30 ^l of Y-100 buffer, 12 units of Bglll was added, and digestion was effected at 37°C for 
2 hours. After phenol -chloroform extraction, a DNA fragment was recovered by ethanol precipitation. This DNA frag- 
ment was dissolved in a total volume of 40 pi of polymerase buffer, 6 units of the Klenow fragment was added, and reac- 
tion was performd at 15°C for 1 hour for converting the BgHI cohesive ends to blunt ends. After phenol-chloroform 

40 extraction, the DNA fragment was recovered by ethanol precipitation and dissolved in a total volume of 30 pi of Y-100 
buffer, 12 units of Hindlll was added, and digestion was conducted at 37°C for 2 hours. After 10-minute heat treatment 
at 65°C, a DNA fragment about 0.75 kb in size was purified by the AFT method. Further, separately, about 3 pg of the 
pSE1 PA1-9A plasmid DNA obtained as described above was dissolved in 30 \i\ of Y-100 buffer, 12 units of Hindlll was 
added, and digestion was carried out at 37°C for 2 hours. Then, 1 .5 pi of 1 M NaCI and 12 units of MW were added, 

45 and digestion was further conducted at 37°C for 2 hours. After 1 0-minute heat treatment at 65°C, a DNA fragment about 
2.9 kb in size was purified by the AFT method. 

The thus-obtained pAGE106-derived DNA fragment (about 0.1 fig), pSV2dhfr-derived DNA fragment (about 0.03 
pg) and pSE1PA1-9A-derived DNA fragment (about 0.1 pg) were dissolved in 20 pi of T4 ligase buffer, 100 units of T4 
DNA ligase was added, and ligation was carried out at 4 °C for 18 hours. 

so The recombinant plasmid mixture obtained was used to transform Escherichia coli MM294 and Ap-resistant strains 
were obtained. The plasmid DNA isolated from one of these transformant strains was named pSE1dhfr1 A. Structural 
analysis by restriction enzyme digestion confirmed that it had the desired structure (cf. Fig. 29). 

(8) Construction of recombinant plasmid pSE1PAlSE1dhfr1-9A: 

55 

About 3 pg of the pSEIdhfM A plasmid DNA obtained as described above was dissolved in 30 pi of Y-100 buffer, 12 
units of XhQl was added, and digestion was effected at 37°C for 2 hours. After phenol-chloroform extraction, a DNA 
fragment was recovered by ethanol precipitation. This DNA fragment was dissolved in a total volume of 40 jxl of 
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polymerase buffer, 6 units of the Klenow fragment was added, and reaction was carried out at 15 °C for 1 hour, whereby 
the XbQl cohesive ends were converted to blunt ends. Then, after phenol-chloroform extraction, the DNA was recovered 
by ethanol precipitation and dissolved in a total volume of 30 nl of Y-150 buffer, 12 units of Mlul was added, and diges- 
tion was performed at 37°C for 2 hours. After 10 minute heat treatment at 65°C, a DNA fragment about 4.4 kb in size 

5 was purified by the AFT method. 

Separately, about 3 wj of the pSE1 PA1 -9A plasmid DNA obtained as described above was dissolved in 30 \i\ of Y- 
50 buffer, 1 2 units of filfll was added, and digestion was effected at 37 6 C for 2 hours. After phenol<hloroform extraction, 
a DNA fragment was recovered by ethanl precipitation. This DNA fragment was dissolved in a total volume of 40 pi of 
polymerase buffer, 6 units of the Klenow fragment was added, and reaction was carried out at 1 5°C for 1 hour, whereby 

10 the Clfll cohesive ends were rendered blunt. Then, after phenol-chloroform extraction, the DNA fragment was recovered 
by ethanol precipitation and dissolved in 30 jtl of Y-1 50 buffer, 1 2 units of Mlul was added, and digestion was conducted 
at 37°C For 2 hours. After 10 minute heat treatment at 65°C, a DNA about 6.75 kb in size was purified by the AFT 
method. 

The thus-obtained pSE1dhfr1A-derived DNA fragment (about 0.1 jig) and pSE1PA1-9A<lerived DNA fragment 
is (about 0.1 jig) were dissolved in 20 pJ of T4 ligase buffer, 100 units of T4 DNA ligase was added, and ligation was car- 
ried out at 4°C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia egji MM294 and Ap-resistant strains 
were obtained. The plasmid DNA isolated from one of these transformant strains wa6 named pSE1 PA1 SE1dhfr1 -9A. 
Structural analysis by restriction enzyme digestion confirmed that it had the desired structure (cf. Fig. 29). 

20 

Reference Example 10 

Construction of hG-CSF expression plasmid pAS3-3: (Cf. Fig. 30 and Fig. 31) 
25 (1 ) Consturction of recombinant plasmid pCSF3-3: 

A 2-jig portion of pCSF2 obtained in Reference Example 4 was dissolved in 20 \i\ of Y-150 buffer, 10 units of the 
restriction enzyme Sail was added, and digestion was effected at 37°C for 2 hours. Then, 5 units of the restriction 
enzyme Apa LI was added and partial cleavage was effected at 37°C for 10 minutes. About 1 .5 \xq of a DNA fragment 
30 about 4.0 kb in size (Sall-ApaLl fragment) was isolated from the reaction mixture by the LOT method. 

Separately, for preparing a cDNA containing the whole hG-CSF translation region, the following three DNA linkers 
were synthesized: 



35 



40 



45 



50 



55 



Sail 

fiCGACGGAGCCTGCAGCCCAGCCCCACCC- 3' (29mer) 
3^jGCCTCGGACGTCGGGTCGGGGTGGGTCTGGG- 5' (31mer) 




Signal sequence 



: WetAUGlyProAlaThrGlnSerPro 
5'-AGACC£AIfiGCTGGACCTGCCACCCAGAGCCC-3' (32mer) 
3'-TACCGACCTGGACGGTGGGTCTCGGGGTAC-5' (30»er) 



-20 -10. I 

MetlysLeuMetAlaLeuGlnleuleuleuTrpHisSdr 

5'-CATGAAGCTGATGGCCCTGCAGCTGCTGCTGT6GCACAij ^3' (39«er) 

3'-TTCGACTACCGGGACGTCGACGACGACACCGTGTCAC6U- 5' (39mer) 



The above single-strand DNAs, namely the 29-mer, 31 -mer, 32-mer, 30-mer and 39-mers (two kinds), were synthe- 
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sized using an Applied Biosystems model 380A DNA synthesizer. The 29-mer and 31-mer complementary to each 
other (each 20 picomoles) were dissolved in 40 fil of T4 kinase buffer, 6 units of T4 polynucleotide Kinase was added, 
and phosphorylation was effected at 37°C for 60 minutes. The 32-mer and 30-mer complementary to each other as well 
as the two 39-mers complementary to each other were phosphorylated in the same manner. 

The pCSF2-derived Sall- Apa LI fragment obtained as described above (about 4.0 kb; 0.1 fig) was dissolved in 30 
fil of T4 DNA ligase buffer, the above three DNA linkers (each 2 picomoles) were added and, after further addition of 
400 units of T4 DNA ligase, ligation was conducted at 4°C for 18 hours. 

The reaction mixture was used to transform Escherichia coli HB101 and Ap-resistarrt strains were obtained. The 
plasmid DNA isolated from one of the transformarrt strains was subjected to structural analysis by restriction enzyme 
cleavage. It was thus confirmed that the plasmid was the desired one, namely pCSF3-3. 

(2) Construction of hG-CSF expression plasmid pSE1GC3-3: 

pCSF3-3 (3 fig) obtained as described in the preceding section was dissolved in 40 jxl of Y-o buffer, 10 units of the 
restriction enzyme Oral was added, and digestion was conducted at 37°C for 2 hours. NaCI was added to an NaCI con- 
centration of 150 mM, 10 units of the restriction enzyme Sail was added, and cleavage was further effected at 37°C for 
2 hours. About 0.6 fig of a DNA fragment about 0.7 kb in size (Dral-Sall fragment) was isolated from the reaction mix- 
ture by the LGT method. 

Separately, 2 fig of pAQE 1 06 obtained in Reference Example 9 was dissolved in 30 fil of Y-0 buffer, 1 0 units of Sma l 
was added, and cleavage was effected at 37°C for 2 hours. Then, NaCI was added to a final NaCI concentration of 150 
mM and after further addition of 10 units of the restriction enzyme Sail, cleavage was carried out at 37°C for 2 hours. 
About 1 .5 fig of a DNA fragment about 5.0 kb in size (Smfll-Sflll fragment) was recovered from the reaction mixture by 
the LGT method. 

Then, about 0.6 fig of the pCSF3-3-derived Dral-Sall fragment (about 0.7 kb) and about 1.0 fig of the pAGE106- 
derived Sma l-Sall fragment (about 5.0 kb), each obtained as described above, were dissolved in 25 fil of TA DNA tigase 
buffer, 400 units of T4 DNA ligase was added, and ligation was carried out at 4°C for 18 hours. 

The reaction mixture thus obtained was used to transform Escherichia coli HB101 and Ap-resistant strains were 
obtained. The plasmid isolated from one of these transformants was subjected to structural analysis by restriction 
enzyme cleavage. As a result, it was confirmed that it was the desired plasmid DNA, namely pSElGC3-3. 

(3) Construction of hG-CSF expression plasmid pAS3-3: 

pCfTAI (5 fig; cf. Reference Example 151 was dissolved in 50 fil of Y-100 buffer, 10 units each of the restriction 
enzymes Hindlll and SamHI were added, and digestion was conducted at 37°C for 2 hours. From the reaction mixture 
was obtained 1 fig of a DNA fragment about 1.6 kb in size (Hiodlll-BamHI fragment) by the LGT method. This 1.6 kb 
DNA fragment (1 fig) was dissovled in 50 fil of Y-100 buffer, 10 units of the restriction enzyme Djjfil (Toyobo) was added, 
and digestion was effected at 37°C tor 2 hours. After phenol-chloroform extraction, DNA was recovered by ethanol pre- 
cipitation. It was dissolved in 30 fil of Klenow buffer, 2 units of DNA polymerase I Klenow fragment was added, and reac- 
tion was carried out at 37°C for 1 hour. After inactivation of DNA polymerase I Klenow fragment by 10 minute heat 
treatment at 68°C, DNA was recovered by ethanol precipitation. The DNA recovered was dissolved in 20 fil of K-50 
buffer, 10 units of the restriction enzyme Aat ll (Toyobo) was added, and cleavage was carried out at 37°C for 2 hours. 
About 0.1 fig of a DNA fragment about 0.2 kb in size fDde l (blunt end) -Aatll fragment] was obtained from the reaction 
mixture by the LGT method. 

Separately, 2 fig of pSE1GC3-3 obtained as described in the proceding section was dissolved in 20 fil of K-50 
buffer, 10 units of the restriction enzyme AaiH (Toyobo) was added, and digestion was performed at 37°C for 2 hours. 
Then, 10 units of the restriction enzyme Xhfll was added and digestion was further conducted at 37°C for 2 hours. 
About 0.1 fig of a DNA fragment about 0.8 kb in size (AaiM-XhQl fragment) was obtained from the reaction mixture by 
the LGT method. 

Separately 2 fig of pSE1 PA1 SE1dhfr1 -9A obtained in Reference Example 9 was dissolved in 20 fil of Y-0 buffer, 1 0 
units of the restriction enzyme Sma l was added, and digestion was effected at 37*C for 2 hours. Then, NaCI was added 
to an NaCI concentration of 100 mM, 10 units of the restrction enzyme Xho l was added, and digestion was further con- 
ducted at 37°C for 2 hours. About 1 fig of a DNA fragment about 8.7 kb in size (Smal-Xhol fragment) was obtained from 
the reaction mixture by the LGT method. 

The pCfTAI -derived Qdfil (blunt end)-£atll fragment (about 0.2 kb; about 0.1 fig), pSE1GC3-3-derived Aatll-Xhol 
fragment (about 0.8 kb; about 0.1 fig) and pSE1PA1SE1dhfr1-9A-derived Smal-Xhol fragment (about 8.7 kb; about 1 
fig) respectively obtained in the above manner were dissolved in 30 fil of T4 DNA ligase buffer, 400 units of T4 DNA 
ligase was added, and ligation was carried out at 4°C for 1 8 hours. The resultant reaction mixture was used to transform 
Escherichia CQli HB101 and Ap-resistant strains were obtained. The plasmid isolated from one of these transformant 
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strains was analyzed for its structure by restriction enzyme cleavage and, as a result, it was confirmed that it was the 
plasmid DNA having the desired structure, namely pAS3-3. 

(Reference Examples 1 1 to 13 deleted) 

5 

Reference Example 14 

1) Isolation of human LT cDNA-containing plasmid pLT1 

w (1) Preparation of poly(A) RNA from Lukll cells: 

A poly(A)-containing RNA was prepared from the human lymphoblastoid cell line Lukll by the guanidine thiocy- 
anate-IHhium chloride method [Cathala et al.: DNA, Z 329 (1983)] in the following manner. 

The human lymphoblastoid cell line Lukll [Berish Y Rubin et al.: Proc. Natl. Acad. Sci. USA, SSL 6637 (1985)] was 

15 inoculated into 1 liter of RPM1 1640 medium (Nissui Pharmaceutical) containing 5% fetal bovine serum and 1 mM N-2- 
hydroxyethylpiperazine-N'^-ethanesulfonic acid (HEPES) at an inoculum size of 8 x 10 5 cells/ml and grown therein 
using a spinner culture bottle. After growing at 37°C for 48 hours, cells were collected by centrifugation, transferred to 
a fresh one-liter portion of RPMI 1640 medium containing 10 ng/ml phorbol myristate acetate (PMA), 5% fetal bovine 
serum and 1 mM HEPES, and further grown at 37°C for 48 hours. Then, cells were collected from a portion (250 ml) of 

20 the resultant cell suspension by centrifugation (1 ,100 x g, 4°C, 10 minutes), washed with 80 ml of phosphate buffer, and 
solubitized in 10 ml of 50 mM Tris-HCI (pH 7) containing 5 M guanidine thiocyanate, 10 mM EDTA and 8% (v/v) 2-mer- 
captoethanol using a vortex mixer. The solubilization product was transferred to a centrifuge tube, 80 ml of 4 M LiCI was 
added and, after stirring, the mixture was allowed to stand at 4°C for 20 hours. After centrifugation (9,000 rpm, 90 min- 
utes) using a Hitachi RPR10 rotor, there was reooverd RNA as a sediment. The RNA sediment was suspended in 50 

25 mi of a solution containing 4 M urea and 2 M lithium chloride, the suspension was centrifuged at 9.000 rpm for 60 min- 
utes on a Hitachi RPR10 rotor, and an RNA sediment was again recovered. The RNA sediment was dissolved in 10 ml 
of 10 mM Tris-HCI (pH 7.5) containing 0.1% sodium lauryl sulfate and 1 mM EDTA and, after phenol-chloroform extrac- 
tion, recovered by ethanol precipitation. About 2.5 mg of the RNA obtained was dissolved in 1 ml of 1 0 mM Tris-HCI (pH 
8.0) containing 1 mM EDTA. After 5 minutes of incubation at 65°C, 0.1 ml of 5 M NaCI wa6 added. The mixture was 

30 subjected to oligo(dT)-cellulose column (P-L Biochemieals) chromatography (column volume 0.5 ml). The poly(A)-con- 
taining mRNA adsorbed was eluted with 10 mM Tris-HCI (pH 7.5) containing 1 mM EDTA to give 100 wj of poly(A)-con- 
taining mRNA. 

(2) cDNA synthesis and insertion into vector: 

35 

cDNA synthesis and construction of a recombinant plasmid with the same inserted therein were carried out follow- 
ing the Okayama-Berg method [Mol. Cell. Biol., g, 161 (1982)]. The processes are schematically shown in Fig. 14. 

About 2 *ig of the poly(A) RNA prepared as described above and about 1 .4 jxg of the vector primer were dissolved 
in 22.3 ixl of 50 mM Tris-HCI (pH 8.3) containing 8 mM MgCI 2 , 30 mM KCI, 0.3 mM DTT, 2 mM each dNTP (dATP, dTTP, 

40 dGTP, dCTP) and 10 units of ribonuclease inhibitor (P-L Biochemieals), 10 units of reverse transcriptase (Seikagaku 
Kogyo) was added, and the mixture was incubated at 41 °C for 90 minutes for the synthesis of a DNA complementary 
to the mRNA. The reaction mixture was subjected to phenol-chloroform extraction and then the vector primer DNA with 
an RNA-DNA double strand added thereto was recovered by ethanol precipitation. This DNA was dissolved in 20 \i\ of 
TdT buffer containing 66 jiM dCTP and 0.2 |ig poly(A), 14 units of TdT (P-L Biochemieals) was added, and the mixture 

45 was incubated at 37°C for 2 minutes for the addition of a 20-mer (dC) chain to the 3' end of cDNA. The reaction mixture 
was subjected to phenol-chlorofrom extraction and then the resultant (dC) chain-added cDNA-vector primer DNA was 
recovered by ethanol precipitation. This DNA was dissolved in 400 \i\ of 10 mM Tris-HCI (pH 7.5) containing 6 mM 
MgCI 2 and 60 mM NaCI, 20 units of Hindi II was added, and the mixture was incubatd at 37°C for 2 hours for causing 
cleavage at the Hindlll site. The reaction mixture was subjected to phenol-chloroform extraction and the subsequent 

so ethanol precipitation gave 0.5 picomole of the resultant (dC) chain-added cDNA-vector primer DNA. This DNA (0.2 
picomole) and 0.4 picomole of the above-mentioned linker DNA were dissolved in 100 jil of 10 mM Tris-HCI (pH 7.5) 
containing 0.1 M NaCI and 1 mM EDTA and the solution was incubated at 65°C for 10 minutes, then at 42°C for 25 min- 
utes and, finally, at 0°C for 30 minutes. The reaction mixture was made up to a total volume of 100 \l\ white the compo- 
sition was adjusted so that the final solution contained 20 mM Tris-HCI (pH 7.5), 4 mM MgCI 2 . 10 mM (NH 4 ) 2 S0 4 , 0.1 

55 M KCI and 0. 1 mM p-NAD. Escherichia M DNA ligase (New England BioLabs; 25 units) was added to the solution and 
incubation was carried out at 1 1 °C for 1 8 hours. The reaction mixture was supplemented with dNTPs (each 40 jiM) and 
p-NAD (to 0.15 mM), then 1 0 units of Escherichia coli DNA ligase. 20 units of Escherichia gpli DNA polymerase I (P-L 
Biochemieals) and 10 units of Escherichia cq|1 ribonuclease H (P-L Biochemieals) were added, and the mixture was 
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incubated at 12°C for 1 hour and then at 25°C for 1 hour. The above reaction procedure resulted in cyclization of the 
cDNA-containing recombinant DNA and substitutuion of DNA for the RNA portion of the RNA-DNA double strand to 
give a completely double-stranded DNA recombinant plasmid. 

5 (3) Selection of human LT cDNA-containing recombinant DNA: 

The recombinant plasmid obtained in step (2) mentioned above was used to transform Escherichia gqH C600 SF8 
[Cameron: Proc. Natl. Acad. Sci. USA, Z2, 3416 (1975)] by the method of Scott et a!. [K. Shigesada: Saibo Kogaku, 2, 
616 (1983)]. About 30,000 colonies obtained were immobilized on nitrocellulose filters. One strain capable of strongly 

10 hybridizing at 52°C, with the 32 P-labeied 1 7-mer synthetic DNA probe coinciding in base sequence with a part of the 5'- 
nontranslational region of the human LT cDNA isolated by Genentech [Patrick W. Gray et al.: Nature, aii 721 (1984)], 
namely 32 P-labeled 5 f -GATCCCCGGCCTGCCTG-3 , ( was selected by the Grunstein-Hogness method [Proc. Natl. 
Acad. Sci. USA, Jg, 3961 (1975)]. The whole base sequence of the cDNA of the plasmid pLT1 harbored by this strain 
was determined by the dideoxy sequencing method using M13 phage. As a result, it was revealed that the cDNA of 

15 pLT1 was one coding for human LT 

2) Construction of recombinant plasmid pLA1 (cf. Fig. 37): 

In a total volume of 50 \i\ of Y-0 buffer was dissolved 5 \lq of pLT1 (4.7 Kb) obtained by the method described in the 

20 preceding section, 10 units of the restriction enzyme Xho ll (Boehringer Mannheim) was added, and digestion was car- 
ried out at 37°C for 2 hours. Then, NaCI was added to a final concentration of 150 mM, 10 units of the restriction 
enzyme Ml (New England BioLabs) was added, and digestion was further performed at 37°C for 3 hours. About 0.3 
fig of a DNA fragment (Xholl-Nsil fragment) about 750 bp in size and containing most of the human LT DNA was 
obtained from the reaction mixture by the LGT method. 

25 Separately, 20 jxg of pLT1 was dissolved in 200 pi of Y-50 buffer, 40 units of the restriction enzyme tififill! was 
added, and cleavage was conducted at 37°C for 2 hours. Then, NaCI was added to a final concentration of 1 50 mM. 40 
units of Nsil was added, and cleavage was further conducted at 37°C for 3 hours. About 40 ng of a DNA fragment 
(Haelll-Nsil fragment) about 50 bp in size and containing the N-teminus portion of the human LT DNA was recovered 
from the reaction mixture by polyacrylamide gel electrophoresis. 

30 Further, separately, 3 wj of pGEL1 (3.4 Kb) [Sekine et al., Proc. Natl. Acad. Sci.. USA, 82, 4306 (1985), FERM BP- 
629] was dissolved in a total volume of 30 \i\ of Y-100 buffer, 6 units each of the restriction enzymes SlyJ and Bglll were 
added, and cleavage was effected at 37°C for 3 hours. 

About 1 .0 jig of an Ap r gene-containing DNA fragment about 2.3 Kb in size (Stul-Bglll fragment) was obtained from 
the reaction mixture by the LGT method. 

35 Then, 0.2 \ig of the pLT1 -derived Xholl-Nsil fragment (about 750 bp), 20 ng of the pLT1-derived HafiNI-Nsil frag- 
ment (about 50 bp) and 0.6 fig of the pGEL1 -derived Stul- Bgl ll fragment (about 2.3 Kb), respectively obtained as 
described above, were dissolved in a total volume of 20 |xl of T4 ligase buffer, 2 units of T4 DNA ligase (Takara Shuzo) 
was further added to this mixed solution, and reaction was carried out at 4°C for 18 hours. 

The thus-obtained recombinant plasmid DNA was used to transform Escherichia £g|i KM430 by the method of 

40 Cohen at al. and Ap r colonies were obtained. The plasmid DNA isolated and purified from one of these transformant 
strains by the known method was subjected to structural analysis by cleaving this plasmid DNA with StuI and other 
restriction enzymes and, as a result, it was confirmed that it was the desired plasmid. This recombinant plasmid was 
named pLA1. 

45 3) construction of LT expression plasmid pLSA1 (cf. Fig. 38): 

Escherichia coli KM430 harboring pLAl (3.1 Kb) obtained as described in the preceding section was cultured and 
the pLAl DNA was prepared from cultured ceils by the conventional method. A 3 jxg portion of the pLA1 DNA obtained 
was dissolved in 30 jil of Y-100 buffer, 3 units each of Sty! and Bglll were added, and cleavage was carried out at 37°C 

so for 3 hours. About 0.5 jig of a DNA fragment (SluJ-fiflHI fragment) about 790 bp in size and containing most of the 
human LT gene was obtained from the reaction mixture by the LGT method. 

Separately, 3 \jjq of pKYP10 prepared by the method described in JP-A-58-1 10600 or U.S. Patent 4,686,191 was 
dissolved in 30 \i\ of Y-100 buffer, 6 units each of the restriction enzymes Banlll and Esll were added, and cleavage was 
carried out at 37°C for 3 hours. About 0.6 ng of a DNA fragment (Banlll-Pstl fragment) about 1.1 kb in size and contain- 

55 ing the tryptophan promoter (Ptrp) was recovered from the reaction mixture by the LGT method. Further, separately, 2 
\iq of pGEL1 (3.4 kb) was dissolved in 20 \i\ of Y-100 buffer, 4 units each of the restriction enzymes Hindlll. Bam HI and 
Psii were added, and cleavage was effected at 37°C for 3 hours. About 0.7 \iq of a DNA fragment (Pstl- Bam HI frag- 
ment) about 1.7 kb in size and containing the lipoprotein gene-derived terminator was obtained from the reaction mix- 
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ture by the LOT method. 

Separately, in view of the necessity of providing that base sequence covering from the codon for the N-terminal Leu 
(CTA) to the second base (QG) of the cedon for the fifth amino acid Gly (GGC) of the mature human LT polypeptide, 
the necessity of providing the initiation codon (ATG) necessary for expression and the necessity of adjusting the dis- 
tance between the SD sequence and ATG downstream from Ptrp to an appropriate length within the range of 6 to 1 8 
bp and for other reasons, the following DNA linker was synthesized; 



w 



is 



20 



25 



30 



35 



27-aer 
Leu Pro 



Ban 111 

I Met lev nw 

5' -I CfiATAASCTTQfaiHSS 
3' -"^TATTCGAA TAt GAT GGT 



Blunt end 
Gly Vil 
"GGAjl 6TA| GG 

cct Cat cc 



-mer 



3' 
5' 



First, the single-strand 27-mer and 25-mer DNAs were synthesized by the ordinary triester method. The 27-mer 
and 25-mer (20 picomoles each) were dissolved in a total volume of 40 yl of T4 kinase buffer. 6 units of T4 polynucle- 
otide kinase (Takara Shuzo) was added, and phosphorylation was carried out at 37°C for 60 minutes. 

Then, 0.3 jig of the pLA1 -derived Stul-Bglll fragment (about 790 bp), 0.4 jig of the EaQlll-Efill fragment (about 1.1 
kb) of the expression vector pKYP10 and 0.6 jig of the pGEL1 -derived Pstt-BamHI fragment (about 1 .7 kb). respectively 
obtained as described above, were dissolved in 25 jtl of T4 ligase buffer, about 1 picomole of the above DNA linker was 
added to the mixture and. after further addition of 6 units of T4 DNA ligase. ligation was effected at 4°C for 18 hours. 

The recombinant p las mid-containing reaction mixture was used to transform Escherichia &!i KM430 and Ap r col- 
onies were obtained. A plasmid DNA was recovered from cells obtained by culture of one of the colonies. The structure 
of the plasmid obtained was confirmed by cleavage with the restriction enzymes EgqRI, BflQlll, EfitL UlDdlll and figlll, 
followed by agarose gel electrophoresis. This plasmid was named pLSA1. It was confirmed by the Maxam-Gilbert 
method [A. M. Maxam et a!.: Proc. Natl. Acad. Sci. USA, 24 560 (1977)] that, in the vicinity of the BanlH and Hindlll 
sites, pLSAl had the following base sequence: 



Ban HI HindlD 




Reference Example 1§ 

40 

Construction of hG-CSF expression plasmid pCfTAI (cf. Fig. 39): 

The pCSF1-2 DNA obtained in Reference Example 4 (2 \xq) was dissolved in a total volume of 20 ^l of Y-1 00 buffer, 
10 units each of the restriction enzymes Aefll (Boehringer Mannheim) and Bam Hl were added, and reaction was car- 
45 ried out at 37°C for 4 hours. A 1.5 kb DNA fragment [0.4 jig) was purified and recovered from the reaction mixture by 
the LGT method. 

Separately, 2 fig of the piamsid pLSAl prepared by the method described in Reference Example 14 was dissolved 
in 20 til of Y-1 00 buffer, 10 units each of the restriction enzymes Ban ttl (Toyobo) and Bam Hl were added, and reaction 
was carried out at 37°C for 4 hours. A 2.8 kb DNA fragment (0.8 jig) was purified and recoverd from the reaction mixture 
so by the LGT method. 

Separately, in view of the necessity of providing the codons for the N-terminal first to fifth amino acids of the mature 
hG-CSF polypeptide [threonine 1 (ACA or ACT), proline 2 (CCA or CCT), leucine 3 (CTA), glycine 4 (GGC), proline 5 
(CCC)] and the initiation codon (ATG) necessary for expression and the necessity of adjusting the distance between the 
SD sequence and ATG downstream fro the tryptophan promoter (Ptrp) to an appropriate length within the range of 6 to 
55 18 bp and for other reasons, the following DNA linker was synthesized: 
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Ban El Hind ID i » » « 

Wet Thr Pro Leu Gly 




CGAT A 



AGCTT ATG 



|aTG AC} 



CC 



CTA 



GGC 



TAT TCGAA TAC TGl GGl GAT 



t 

Pro 



3' 

26mer Unix) 



20ner (4nix) 



First, the single-strand 26-mer and 20-mer DNAs were synthesized by the ordinary triester method [R. Crea et al. : 
Proc. Natl. Acad. Set. USA, 2L 5765 (1978)]. The 26-mer and 20-mer (2 jig each) were dissolved in T4 kinase buffer. 
30 units of T4 polynucleotide kinase was added, and phosphorylation was carried out at 37*C for 60 minutes. 

The pCSF1-2-derived Apa l-BamHI fragment (1.5 kb; 0.4 jig) and pLSAl -derived SanHI-iflmHI fragment (2.8 kb; 
0.2 ng) obtained as described above were dissolved in 25 |xl of T4 ligase buffer, 0.1 ng of the above DNA linker was 
added to the mixture and, after further addition of 6 units of T4 DNA ligase, ligation was carried out at 4°C for 18 hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia goli HB101 [Bolivar et al: Gene, 2, 
75 (1977)] by the method of Cohen et al. [S. N. Cohen et al.: Proc. Natl. Acd. Sci. USA. fia 21 10 (1972)] and Ap r colo- 
nies were obtained. A plasmid DNA was recoverd from cells obtained by growing one of the colonies. The structure of 
the plasmid obtained was confirmed by cleavage with Banlll, fisfil, Estl. Hindlll and BgM. followed by agarose gel elec- 
trophoresis. This plasmid was need pCfTAI . It was confirmed by the dideoxy sequencing method using M 1 3 phage that, 
in the vicinity of the Ban lll and Hindlll sites, pCfTAI had the following base sequence: 



6a n EI HindlD 
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Reference Example 16 
Construction of pCf BD28: 

(1) Construction of plasmid pCfTB20 lacking in part of 3'-nontranslationai region of hG-CSF cDNA (cf. Fig. 40): 

A 2 p^g portion of the hG-CSF expression ptasmid pCfTAI (4.3 16) obtained in Reference Example 15 was dis- 
solved in 20 jil of Y-100 buffer, 4 units of the restriction enzyme Bam HI was added, and digestion was effected at 37°C 
for 4 hours. After phenol-chloroform extraction, 1 .8 ng of a DNA fragment was recovered by ethanol precipitation. This 
DNA fragment was dissolved in 20 \i\ of Klenow buffer, d ATR dTTP, dCTP and dGTP were added each to a concentra- 
tion of 1 mM and, after further addition of 4 units of DNA polymerase I Klenow fragment, reaction was carried out at 
room temperature for 1 hour for converting the cohesive ends to blunt ends. After phenol-chloroform extraction, 1 .6 fig 
of the resultant DNA fragment was recovered by ethanol precipitation. This DNA fragment was dissolved in 20 fil of Y- 
1 00 buffer, 1 0 units of Eco Rl was added, and cleavage was effected at 37°C for 4 hours. From the reaction mixture was 
obtained by the LGT method 1 fig of a 2.5 kb DNA fragment (Bam HI (blunt end)-EcoRI fragment). 

Separately, 2 yg of pCfTAI was dissolved in 20 |il of Y-100 buffer, 10 units of E&RI was added, and cleavage was 
carried out at 37°C for 4 hours. Then, NaCI was added to a final NaCI concentration of 150 mM, 10 units of firal was 
added, and cleavage was further conducted at 37°C for 4 hours. After confirmation of completneness of digestion by 
agarose gel electrophoresis, 0.2 ng of an hG-CSF cDNA-containing 1.0 kb DNA fragment (Eco RI-Dral fragment) was 
purified and recovered by the LGT method. 

The thus-obtained BamHI (blunt end)-E£QRI fragment (2.5 kb; 0.2 jig)and EsfiRI-Dral fragment (1.0 kb; 0.2 ng) 
were dissolved in 25 pJ of T4 ligase buffer, 6 units of T4 DNA ligase was added to the solution and ligation was carried 
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outat4 e C fori 8 hours. 

The recombinant piasmid mixture obtained was used to transform Escherichia qqU HB101 and Ap r colonies were 
obtained. A piasmid DNA was recovered from cells obtained by cultivating one of the colonies. The structure of the pias- 
mid obtained was confirmed by cleavage with Hindlll and Efitl. followed by agarose gel electrophoresis. This piasmid 
5 was named pCfTB20. 

(2) Construction of piasmid pCfTL38 coding for polypeptide derived from hG-CSF by substitution of N-terminal amino 
acid (cf. Fig. 41): 

w A 3 jig portion of pCSF1 -2 (4.5 kb) obtained by the procedure of Reference Example 4 was dissolved in 60 jtl of Y- 
100 buffer, 8 units each of the restriction enzymes Aoal (Boehringer Mannheim) and BamHI were added, and cleavage 
was conducted at 37°C for 3 hours. About 0.4 pg of a DNA fragment (Acfll-fiamHI fragment) about 1.5 kb in size and 
containing most of the hG-CSF gene was recovered from the reaction mixture by the LOT method. 

Separately, 2 \iq of pGEH [Sekine et al.: Proc. Natl. Acad. Sci. USA, 82, 4306 (1985)] (obtained from a culture of 

is £. co!i IGEL1 FERM BP-629 by the conventional method) (3.4 M>) was dissolved in 40 fil of Y-100 buffer, 4 units each 
of the restriction enzymes Hindlll, Bam HI and Efitl were added, and cleavage was carried out at 37°C for 3 hours. About 
0.5 fig of a DNA fragment (Pst l-BamHI fragment) about 1 .7 kb in size and containing the lipoprotein gene-derived ter- 
minator was obtained from the reaciton mixture by the LOT method. 

Separately, 3 jig of pKYP10 prepared by the method described in JP-A-58-1 10600 or U.S. Patent 4,686,191 was 

20 dissolved in 60 rI of Y-100 buffer, 6 units each of the restriction enzymes BflQlll (Toyobo) and EsSi were added, and 
cleavage was effected at 37°C for 3 hours. About 0.5 fig of a DNA fragment (Baall l-Efll fragment) about 1 .1 kb in size 
and containing the tryptophan promoter (Ptrp) was obtained from the reaction mixture by the LQT method. 

On the other hand, in view of the necessity of providing a codon for substituting Ser, Cys, Arg or Gly for the N-ter- 
minal amino acid Thr of mature hG-CSF and providing the initiation codon (ATG) necessary for expression and the 

25 necessity of adjusting the distance between the SD sequence and ATG downstream from Ptrp to an appropriate length 
within the range of 6 to 18 bp and for other reasons, the following DNA linker was synthesized: 

Ser 

3 o (<&ix) Cys 

Ban lH 26-mer Ar« 
I Met 61v Pro Leu Gljr 

5' -Lit ATAAGCTT^IIjiJIS C- 3' 

y-\ TATTCGAA TAC NCA 6GT GAT -5' 
1 20-mer (4cnix) 



where N stands for any of the bases G, A, T and C. 
40 First, the single-strand 26-mer and 20-mer DNAs were synthesized by the ordinary triester method. Twenty pico- 

moles each of the 26-mer and 20-mer were dissolved in 40 \i\ of T4 kinase buffer, 6 units of T4 polynucleotide kinase 

was added, and phosphorylation was carried out at 37°C for 60 minutes. 

Then, 0.3 jig of the pCSF1-2-derived Apa l -Bam Hl fragment (about 1.5 kb), 0.2 fig of the pGEL1 -derived Esil- 

Bam HI fragment (about 1.7 kb) and 0.2 jig of the expression vector pKYP10«derived Banlll-Efill fragment (about 1.1 
45 kb), respectively obtained as described above, were dissolved in a total volume of 30 fxl of T4 iigase buffer, about 1 pico- 

moie of the above DNA linker was added to the solution and, after further addition of 6 units of T4 DNA Iigase to the 

solution, ligation was performed at 4°C for 18 hours. 

The recombinant plasmid-containing reaction mixture was used to transform Escherichia sgji C600 SF8 (FERM 

BP-1 070) [Cameron et al.: Proc. Natl. Acad.Sci. USA, 3416 (1975)] and Ap r colonies were obtained. A piasmid DNA 
so was isolated and purified from one of the transformants by the known method. The structure of said piasmid DNA was 

confirmed by cleavage with £sil, Eco RI and BanMI. followed by polyacrylamide gel electrophoresis. This piasmid was 

named pCfTL38, as shown in Fig. 41. Sequencing by the dideoxy method using M13 phage confirmed that the 

sequence in the vicinity of the N terminus of the hG-CSF derivative gene in the above polasmid was as follows: 



55 



Met Ser Pro Leu Gly Pro Ala 
pCf TL38-ATG AGT CCA CTA GGC CCT GCC 
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(3) Construction of recombinant plasmid pCfWDI (cf. Fig. 42): 

A 5 fig portion of pCfTAI obtained by the method described in Reference Example 15 was dissolved in 50 (il of Y- 
100 buffer, 10 units of the restriction enzyme Stul and 10 units of the restriction enzyme Banlll (Toyobo) were added, 

5 and digestion was carried out at 37°C for 1 hour. About 0.5 tig of an hG-CSF cDNA-containing DNA fragment (BsqIII- 
Stu l fragment) about 1.3 kb in size was obtained from the reaction mixture by the LQT method. Separately, 3 jig of 
pKYP26 (FERM BP-863) produced by the method of Reference Example 5 was dissolved in 50 *il of Y-100 buffer, 6 
units of Bam HI was added, and digestion was carried out at 30°C fa 1 hour. 

Thereto was added an equal volume of phenol saturated with 10 mM Tris-HCI (pH 7.5) containing 1 mM EDTA and, 

10 after vigorous stirring, the aqueous layer was collected by low-speed centrif ugation (3.300 rpm, 1 0 minutes; hereinafter 
the same shall apply). An equal volume of chloroform was added to the aqueous layer, the mixture was stirred vigor- 
ously, and the aqueous layer was recovered again by low-speed centrrf ugation. One tenth volume of 3 M sodium ace- 
tate was added, then 2.5 volumes of ethanol was added, and the resultant mixture was allowed to stand at -20°C for 1 
hour. The resultant precipitate was collected by centrifugation with cooling (4°C, 1 1 ,000 rpm, 10 minutes). This precip- 

is ttate was dissolved in 30 pJ of Klenow buffer, dATP, dTTP, dCTP and dQTP were added each to a concentration, of 1 00 
liM , 2 units of DNA polymerase I Klenow fragment was added, and reaction was carried out at 1 7°C for 1 5 minutes. The 
DNA polymerase I Klenow fragment was inactivated by 10-minute heat treatment at 68°C, NaCI was then added to a 
final concentration of 100 mM and, after addition of 5 units of the restriction enzyme Estl, digestion was carried out at 
37°C for 1 hour. About 0.6 |ig of an 1pp terminator-containing DNA fragment [Bam HI (blunt end)-Estl fragment] about 

20 1 .8 kb in size was obtained from the reaction mixture by the LQT method. Separately, 4 jxg of pGELI was dissolved in 
40 jjlI of Y-100 buffer, 10 units of the restriction enzyme SflQlll (Toyobo) and 10 units of E&l were added, digestion was 
carried out at 37°C for 1 hour, and 0.4 ng of a tryptophan promoter-containing DNA fragment (B&Qlll-Efiil fragment) 
about 1 kb in size was obtained from the reaction mixture by the LQT method. 

About 0.2 }ig of the pCfTAI -derived Banlll-Stul fragment (about 1.3 kb), about 0.1 fig of the pKYP26-derived 

25 Bam HI (blunt end)-E&tl fragment (about 1 .8 kb) and about 0.1 wj of the pGELI -derived B&Qlll-Estl fragment (about 1 
kb), respectively obtained as described above, were dissolved in 30 pJ of T4 DNA ligase buffer, 4 units of T4 DNA ligase 
was added, and ligation was carried out at 4°C for 1 8 hours. 

The reaction mixture was used to transform Escherichia coli HB101 .and Ap r colonies were obtained. A plasmid 
DNA was recovered from one of the colonies by the above-mentioned method of Birnbotm et al. This was the plasmid 

30 pCfWDI shown in Fig. 42. 

(4) Construction of pCfT95K19 (cf. Fig. 43): 

pCfTL38 (5 as obtained in the above section (2) was dissolved in 59 jil of Y-100 buffer, 10 units each of the 

35 restriction enzymes Hindlll and Bglll were added, and digestion was carried out at 37°C for 1 hour. About 0.7 \ig of a 
tryptophan promoter-containing DNA fragment (Hind ill-Bglll fragment) about 2.6 kb in size was obtained from the reac- 
tion mixture by the LQT method. Separately, 100 ng of pCfTL38 was dissolved in 1 .5 ml of Y-100 buffer, 80 units each 
of the restriction enzymes Bam HI and Hindi li were added, and digestion was carried out at 37°C for 6 hours. An hG- 
CSF cDNA-containing DNA fragment was recovered from the reaction mixture by the LGT method and purified using 

40 ELUTIP™-d (Schleicher & Schuell). This DNA fragment was dissolved in 90 \i\ of Y-150 buffer, 3 units of the restriction 
enzyme Dpn l (Boehringer Mannheim) was added, and digestion was carried out at 37°C for 15 minutes. About 1 jxg of 
an hG-CSF cDNA-containing DNA fragment (Hindlll- Dpn l fragment) about 300 bp in size was obtained from the reac- 
tion mixture by polyacrylamide electrophoresis. 

Separately, 10 fig of pCfTB20 obtained in the above section (1) was dissolved in 100 nl of Y-100 buffer, 10 units of 

45 the rescriction enzyme &&I was added, and digestion was carried out at 37°C for 1 hour. After phenol-chloroform 
extraction, the resultant DNA was recovered by ethanol precipitation and dissolved in 30 \i\ of Klenow buffer, 2 units of 
DNA polymerase I Klenow fragment was added, and reaction was carried out at 17°C for 30 minutes. The DNA 
polymerase I Klenow fragment was inactivated by 10-minute heat treatment at 68°C, NaCI was added to a final concen- 
tration of 100 mM and, after further addition of 10 units of the restriction enzyme Bglll. digestion was carried out at 37 4 C 

so for 1 hour. About 0.3 jig of an Ipp terminator portion-containing DNA fragment (blunt end)-Solll fragment] about 
480 bp in size was obtained from the reaction mixture by the LGT method. 

About 0.1 fig of the pCfTL-38-derived Hindlll-Bglll fragment (about 2.6 kb), about 0.2 \xq of the pC1TL38-derived 
Hindlll-Denl fragment (about 300 bp) and about 0.15 jig of the pCfTB20-derived Aval (blunt end)-Bglll fragment (about 
480 bp), respectively obtained as described above, were dissolved in 30 jil of T4 DNA ligase buffer, 4 units of T4 DNA 

55 ligase was added, and ligation was carried out at 4°C for 18 hours. The reaction mixture was used to transform 
Escherichia coli HB1 01 and Ap r colonies were obtained. A plasmid DNA was recovered from one of the colonies by the 
above-mentioned method of Birnboim et al. Thus was obtained pCfT95K19 shown in Fig. 43. 
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(5) Construction of pCfAAl (cf. Fig. 43): 

A 5 jig portion of pCfT95K1 9 obtained as described in the preceding section was dissolved in 50 \i\ of Y-1 00 buffer, 
7 units of the restriction enzyme Ban lll (Toyobo) and 2 units of Bgil (Nippon Qene) were added, and digestion was car- 
5 ried out at 37°C for 1 hour. About 0.6 jig of a tryptophan promoter portion-containing DNA fragment (B&Qlll-Bgll frag- 
ment) about 1 to in size and about 1 jig of an Ipp terminator portion-containing DNA fragment (Bgll-Bgll fragment) 
about 1.8 kb in size were obtained from the reaction mixture by the LOT method. 

Separately, 15 jig of pCfT95K19 was dissolved in 150 M of Y-100 buffer, 6 units of the restriction enzyme Bgll (Nip- 
pon Gene) and 10 units of Sau3AI were added, and digestion was carried out at 37° C for 1 hour. About 0.3 \xq of an 
70 hG-CSF cDNA portion-containing DNA fragment (Bgll-Sau3AI fragment) about 350 bp in size was obtained from the 
reaction mixture by polyacrylamide gel electrophoresis. 

Further, separately, the following DNA linker was synthesized: 



First, the single-strand 39-mer and 41-mer DNAs were synthesized by the ordinary triester method. Twenty pico- 
25 moles each of the 39-mer and 41 -mer were dissolved in a total volume of 40 fil of T4 kinase buffer, 6 units of T4 poly- 
nucl otide kinase (Takara Shuzo) was added, and phosphorylation was carried out at 37°C for 60 minutes. 

Then, 0.1 fig of the pCfT95K19-derived Banlll-Bgll fragment (about 1 kb), 0.05 «j of the pCfT95K1 9-derived IgH- 
Bgll fragment (about 1 .8 kb) and 0.1 \uq of the pCfT95Kl derived figll-3au3AI fragment (about 350 bp), respectively 
obtained as described above, were dissolved in 25 p-i of T4 DNA ligase buffer and about 2 picomoles of the above DNA 
30 linker was added to the solution. Further, 6 units of T4 DNA ligase gas added and ligation was carried out at 4°C for 1 8 
hours. 

The reaction mixture was used to transform Escherichia coli HB101 and Ap r colonies were obtained. A plasmid 
DNA was recovered from one of these colonies by the above-mentioned method of Birnboim et al. Thus was obtained 
pCf AA1 shown in Fig. 43. Determination of the base sequence of the DNA linker portion of pCf AA1 by the above-men- 
35 tioned dideoxy sequencing method revealed that the third base of the codon coding for the 4th amino acid Leu was A. 
In this pCf AA1 , that D N A portion coding for the 1 0th amino acid Pro to the 23rd amino acid Lys (1 4 amino acids) of hG- 
CSF is missing. Furthermore, a mutation has been introduced therein so that Asn is encoded in lieu of the 6th amino 
acid Ala of hG-CSF and an £b&l site newly occurs. 

40 (6) Construction of pCf AB5 (cf. Fig. 43): 

A 3 hq portion of pCf AA1 obtained as described in the preceding section was dissolved in 30 |xl of Y-100 buffer, 5 
units of the restriction enzyme Xho l was added, and digestion was carried out at 37°C for 1 hour. After confirmation of 
completeness of Xho l cleavage by means of agarose gel electrophoresis, 1 unit of the restriction enzyme ggH (Nippon 
45 Gene) was added, and digestion was performed at 37°C for 25 minutes. About 1 jig of a tryptophan promoter portion- 
and Ipp terminator portion-containing DNA fragment (Xhol-Bgll fragment) about 3 kb in size was obtained from the 
reaction mixture by the LGT method, separately, the following DNA linker was synthesized: 



20 



15 




50 



55 
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Xho I 

Ser Ser Leu Pro Gin Ser Phc Leu 
TCGAGT C7 A CCA CAG AGC TTC CT 
~^~lCA GAT GGT GTC TCG AAG GAAAATTT 



23n>er 
25tner 



10 



15 




Sau3Al 
LjiT 

AA| | 

TTCTAGl 



27ocr (4«ix) 
25mcr (4«i x) 



where N stands for G, A, T or C. 

20 This linker DNA contains that DNA portion coding for the 10th amino acid Pro to the 23rd amino acid Lys of hG- 
CSF which was missing in the hG-CSF cDNA in pCf AA1 . 

First, the single-strand 27-mer, 25-mer (two kinds) and 23-mer DNAs were synthesized by the ordinary triester 
method. The 27-mer and the 25-mer complementary thereto as well as the 25-mer and the 23-mer complementary 
thereto were dissolved in a total volume of 40 nJ of T4 kinase buffer each in an amount of 20 picomoles, 6 units of T4 

25 polynucleotide kinase (Tayara Shuzo) was added, and phosphorylation was carried out at 37°C for 60 minutes. 

Then, 0.1 ^g of the pCf AA1 -derived Xhol-Bgll fragment (about 3 kb) obtained as described above and 0.1 fig of the 
pCfT95K19-derived Bqll-Sau3AI fragment (about 350 bp) obtained as described in the preceding section were dis- 
solved in 30 jil of T4 DNA ligase buffer, 2 picomoles each of the above-mentioned DNA linker components were added 
to the solution and, after further addition of 6 units of T4 DNA ligase, ligation was carried out at 4°C for 18 hours. 

30 The reaction mixture was used to transform Escherichia qs& HB101 and Ap r colonies were obtained. A plasmkj 
DNA was recovered from one of the colonies by the above-mentioned method of Birnboim et al. Thus was obtained 
pCf AB5 shown in Fig. 43. Determination of the base sequence of the DNA linker portion of pCf AB5 by the above-men- 
tioned dideoxy sequencing method revealed that, in pCf AB5, the first base of the codon coding for the 1 7th amino acid 
was A and, hence, that the codon coded for Ser in lieu of the 17th amino acid Cys of mature hG-CSF. 

35 

(7) Construction of pCfBA8 (cf. Fig. 44): 

A 3 jig portion of pCf AB5 obtained as described in the preceding section was dissolved in 40 pJ of Y-100 buffer, 5 
units each of the restriction enzymes Aval and SflW were added, and digestion was conducted at 37°C for 1 hour. About 

40 1 ng of a tryptophan promoter portion- and Ipp terminator portion-containing DNA fragment (AMfll-Bglll fragment) about 
2.8 kb in size was obtained from the reaction mixture by the LGT method. 

Separately, 6 fig of pCfWDI obtain in the above section (1) was dissolve in 50 |xJ of Y-100 buffer, 5 units of the 
restriction enzyme ggHI was added, and digestion was performed at 37°C for 1 hour. After confirmation of complete- 
ness of Bglli cleavage by means of agarose gel electrophoresis, 3 units of the restriction enzyme £&! was added and 

45 partial cleavage was effected at 37°C for 20 minutes. From the reaction mixture, there was obtained by the LGT method 
0.4 \xq of a DNA fragment (Bqlll-Aval fragment) about 1 .3 kb in size and containing most of the hG-CSF cDNA. 

Then, 0. 1 \lq of the pCf AB5-derived Ayjal-BgW fragment (about 2.8 kb) and 0.3 \iq of the pCfWDI -derived BglH-Aval 
fragment (about 1.3 kb), respectively obtained as described above, were dissolved in 25 nl of T4 DNA ligase buffer, 3 
units of T4 DNA ligase was added, and ligation was carried out at 4°C for 18 hours. 

so The reaction mixture was used to transform Escherichia cdi HB101 and Ap r colonies were obtained. A plasmid 
DNA was recovered from one of these colonies by the above-mentioned method of Birnboim et al. Thus was obtained 
pCfBA8 shown in Fig. 44. 

The amino acid sequence of the hG-CSF derivative encoded by pCfBA8 contains Asn in lieu of the 6th amino acid 
Ala of mature hG-CSF and Ser in lieu of the 17th amino acid Cys. 

55 

(8) Construction of pCfBD28 (cf. Fig. 44): 

First, the following DNA linker was synthesized: 
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where N stands for any of Q, A, T and C. 

This DNA linker was obtained as a mixture of a total of 256 DMA linker species since the four bases represented by N 
in the coding strand each could be any of G, A, T and C. Thus, the linker designing was such that there were a total of 
256 possibilities for the hG-CSF N-terminal amino acid sequence encoded by this DNA linker, namely four amino acids 
for each of the four relevant codons. 

First, the single-strand 31-mer and 33-mer DNAs were synthesized by the ordinary triester method. The 31-mer 
and 33-mer (2 \lq each) were dissolved in a total volume of 40 ^ of T4 kinase buffer, 30 units of T4 polynucleotide 
kinase (Takara Shuzo) was added, and phosphorylation was carried out at 37°C for 60 minutes. 

Then, 0.1 of the pCfBA8-derived BanlN-BglH fragment (about 2.7 kb) and 0.1 jig of the pCfBAS-derived Xhfil- 
Bglll fragment (about 1 .4 kb) were dissolved in 25 of T4 DNA ligase buffer and about 2 picomoles of the above DNA 
linker was added to the solution. After further addition of 6 units of T4 DNA ligase, ligation was carried out at 4°C for 1 8 
hours. 

The recombinant plasmid mixture obtained was used to transform Escherichia soli HB101 and Ap r colonies were 
obtained. Plasmid recovery from one of the colonies gave pCf BD28. Determination of the base sequence of the DNA 
linker portion by the above-mentioned dideoxy sequencing method revealed that the base sequence on the N-terminai 
side of the hG-CSF derivative was as follows: 



pCfBD28 

Met Alt Pro Thr Tyr Art Ala 

35 ATG GCA CCA ACA TAT CGC GCC 

The hG-CSF derivative encoded by pCf BD28 is distinguished from mature hG-CSF by the following amino acid res- 
idue substitutions: 

40 



Position of amino acid 
substitution (amino acid 
of hG-CSF) 


Plasmid 




pCfBD28 


First (Thr) 


Ala 


Third (Leu) 


Thr 


Fourth (Gly) 


Tyr 


Fifth (Pro) 


Arg 


Seventeenth (Cys) 


Ser 



The hG-CSF derivative encoded by pCfBD28 was named hG-CSF[ND28]. A pCfBD28-carrying strain of 
Escherichia co)i has been deposited with the Fermentation Research Institute under the designation Escherichia coli 
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ECfBD28 (deposit number FERM BP-1479) in accordance with the Budapest Treaty. 
(Reference Examples 17 to 20 deleted) 

Claims 

5 

Claims for the following Contracting States : AT, BE, CH, DE, FR, GB, IT, LI, NL, LU, SE 

1 . A polypeptide having an amino acid sequence which allows addition of at least one carbohydrate chain thereto, or 
a glycosylated polypeptide derived from a polypeptide having an amino acid sequence to which at least one carbo- 

10 hydrate chain is added thereto, wherein the carbohydrate addition site is created by amino acid substitution in, 
amino acid deletion from or amino acid insertion into said polypeptide and occurs within 8 amino acid residues from 
the protease cleavage site in said polypeptide, 

wherein said polypeptide or glycosylated polypeptide is a modified human granulocyte colony stimulating factor 
(hG-CSF), with an alanine residue substituted fa the first (from the N terminus) amino acid (threonine) residue of 

is hG-CSF, a threonine residue for the third (from the N terminus) amino acid (leucine) residue, a tyrosine residue for 
the fourth (from the N terminus) amino acid (glycine) residue, an arginine residue for the fifth (from the N terminus) 
amino acid (proline) residue and a serine residue for the 17th (from the N terminus) amino acid (cysteine) residue; 
and additionally contains an asparagine residue in lieu of the 6th (from the N terminus) amino acid (alanine) resi- 
due, or an asparagine residue in lieu of the 145th (from the N terminus) amino acid (giutamine) residue and a ser- 

20 ine residue in lieu of the 147th (from the N terminus) amino acid (arginine) residue. 

2. The glycosylated polypeptide of claim 1 wherein the carbohydrate chain added is an N-glycosylated carbohydrate 
chain, an O-glycosyiated carbohydrate chain or a chemically synthesized carbohydrate chain. 

25 3. The polypeptide or glycosylated polypeptide of Claim 1 or 2, wherein the carbohydrate addition site occurs on a 
surface site of said polypeptide. 

4. A polypeptide or glycosylated polypeptide as claimed in Claim 1 which has an amino acid sequence selected from 
the group consisting of the amino acid sequences shown in Table 3 and Table 4. 

30 

5. A deoxyribonucleic acid (DNA) coding for a polypeptide or glycosylated polypeptide according to one of the claims 
1to4. 

6. A recombinant plasmid having a DNA as claimed in claim 5 inserted therein. 

35 

7. A recombinant plasmid as claimed in Claim 6 which comprises a plasmid DNA having the Escherichia cqH tryp- 
tophan promoter or the SV40 early promoter and a DNA coding for a polypeptide or glycosylated polypeptide 
inserted in said plasmid DNA at a site downstream from said promoter. 

40 8. A recombinant plasmid as claimed in Claim 6 a 7, wherein said recombinant plasmid is pAS28, pASN6 or 
pASN145. deposited with FRI under accession nos. FERM BP-2069, FERM BP-2070, and FERM BP-2071, 
respectively. 

9. A microorganism or animal cell harboring a recombinant plasmid according to one of the claims 6 to 8. 

45 

10. A microorganism as claimed in Claim 9, wherein said microorganism belongs to the species Escherichia coll 

1 1 . An animal cell as claimed in Claim 9, wherein said animal cell is a Chinese hamster ovary cell or a Namalwa cell. 

so 12. A method of producing a polypeptide or glycosylated polypeptide which comprises cultivating a microorganism or 
animal cell as claimed in one of the Claims 9 to 1 1 in a medium to thereby cause accumulation of a polypeptide or 
glycosylated polypeptide in the culture and recovering said polypeptide or glycosylated polypeptide from said cul- 
ture. 

55 13. A method as claimed in Claim 12 which comprises cultivating said microorganism or animal cell in a medium con- 
taining an agent that inhibits an enzyme involved in biosynthesis or processing of the carbohydrate chain selected 
from the group consisting of 1-deoxynqjirimycin, 1-deoxymannojirimycin or swainsonine to thereby change the 
structure of the carbohydrate chain added to the polypeptide. 
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14. A method as claimed in Claim 12 or 13, wherein said microorganism is a strain of Escherichia &li a yeast or a 
fungi. 

1 5. A method as claimed in Claim 12 or 13, wherein said animal cell is a Chinese hamster ovary cell r a Namalwa cell. 

5 

16. A pharmaceutical composition, comprising a pharmaceutically effective amount of at least one polypeptide or gly- 
cosylated polypeptide according to one of the claims 1 to 4, optionally in combination with a pharmaceutically 
acceptable carrier or adjuvant. 

10 Claims for the following Contracting State : ES 

1 . A process for preparing a polypeptide having an amino acid sequence which allows addition of at least one carbo- 
hydrate chain thereto, or a glycosylated polypeptide derived from a polypeptide having an amino add sequence to 
which at least one carbohydrate chain is added thereto, which process comprises providing a polypeptide or glyc- 

75 osylated polypeptide wherein the carbohydrate addition site is created by amino acid substitution in, amino acid 
deletion from or amino acid insertion into said polypeptide and occurs within 8 amino acid residues from the pro- 
tease cleavage site in said polypeptide, 

wherein said polypeptide or glycosylated polypeptide is a modified human granulocyte colony stimulating factor 
(hG-CSF), with an alanine residue substituted for the first (from the N terminus) amino acid (threonine) residue of 

20 hG-CSF, a threonine residue for the third (from the N terminus) amino acid (leucine) residue, a tyrosine residue for 
the fourth (from the N terminus) amino acid (glycine) residue, an arginine residue for the fifth (from the N terminus) 
amino acid (proline) residue and a serine residue for the 17th (from the N terminus) amino acid (cysteine) residue; 
and additionally contains an asparagine residue in lieu of the 6th (from the N terminus) amino acid (alanine) resi- 
due, or an asparagine residue in lieu of the 145th (from the N terminus) amino acid (glutamine) residue and a ser- 

25 ine residue in lieu of the 147th (from the N terminus) amino acid (arginine) residue. 

2. The process of claim 1 wherein the carbohydrate chain added is an N-glycosylated carbohydrate chain, an Gly- 
cosylated carbohydrate chain or a chemically synthesized carbohydrate chain. 

30 3. The process of Claim 1 or 2, wherein the carbohydrate addition site occurs on a surface site of said polypeptide. 

4. The process of Claim 1, wherein a polypeptide or glycosylated polypeptide is prepared having an amino acid 
sequence selected from the group consisting of the amino acid sequences shown in Table 3 and Table 4. 

35 5. A process for preparing deoxyribonucleic acid (DNA) coding for a polypeptide or glycosylated polypeptide accord- 
ing to one of the claims 1 to 4 by modifying the original DNA sequence of a polypeptide in a way which allows the 
addition of a carbohydrate chain to a site occuring within 8 amino acid residues from the protease cleavage site in 
said polypeptide. 

40 6. A process for preparing a recombinant plasmid, which process comprises providing a plasmid having a DNA as 
claimed in claim 5 inserted therein. 

7. The process of Claim 6 which comprises providing a plasmid DNA having the Escherichia tryptophan promoter 
or the SV40 early promoter and a DNA coding for a polypeptide or glycosylated polypeptide inserted in said plas- 

45 mid DNA at a site downstream from said promoter. 

8. The process of claim 6 or 7, wherein said recombinant plasmid is pAS28, pASN6 or pASN1 45 deposited with FRI 
under accession nos. FERM BP-2069, FERM BP-2070 and FERM BP-2071, respectively. 

so 9. A process for preparing a microorganism or animal cell harboring a recombinant plasmid having a DNA coding for 
a polypeptide which allows the addition of at least one carbohydrate chain thereto or a glycosylated polypeptide 
having at least one carbohydrate chain added thereto, by transforming the microorganism or animal cell with a plas- 
mid according to one of claims 6 to 8. 

55 10. The process of Claim 9, wherein said microorganism belongs to the species Escherichia sqH. 

1 1 . The process of claim 9, wherein said animal cell is a Chinese hamster ovary cell or a Namalwa cell. 
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12. A method of producing a polypeptide or glycosylated polypeptide which comprises cultivating a microorganism or 
animal cell as claimed in one of the Claims 9 to 1 1 in a medium to thereby cause accumulation of a polypeptide or 
glycosylated polypeptide in the culture and recovering said polypeptide or glycosylated polypeptide from said cul- 
ture. 

5 

13. A method as claimed in Claim 12 which comprises cultivating said microorganism or animal cell in a medium con- 
taining an agent that inhibits an enzyme involved in biosynthesis or processing of the carbohydrate chain selected 
from the group consisting of 1-deaxynojirimycin, 1-deoxymannojirimycin or swainsonine to thereby change the 
structure of the carbohydrate chain added to the polypeptide. 

10 

14. A method as claimed in Claim 12 or 13, wherein said microorganism is a strain of Escherichia cq|L a yeast or a 
fungi. 

1 5. A method as claimed in Claim 1 2 or 1 3, wherein said animal cell is a Chinese hamster ovary cell or a Namalwa cell. 

15 

16. A method of modifying the carbohydrate chain added to a glycosylated polypeptide produced by the method of 
Claim 12 which comprises treating said glycosylated polypeptide with a sialyttransf erase or glycosidase selected 
from the group consisting of sialydase, p-galactosidase, p-N-acetylglucosaminidase, p-mannosidase and endogly- 
cosidase. 

20 

17. A process for preparing a pharmaceutical composition, comprising the step of providing a pharmaceutical^ effec- 
tive amount of at least one polypeptide or glycosylated polypeptide according to one of the claims 1 to 4, optionally 
in combination with a pharmaceutical^ acceptable carrier or adjuvant. 

25 Claims for the following Contracting State : GR 

1 . A polypeptide having an amino acid sequence which allows addition of at least one carbohydrate chain thereto, or 
a glycosylated polypeptide derived from a polypeptide having an amino acid sequence to which at least one carbo- 
hydrate chain is added thereto, wherein the carbohydrate addition site is created by amino acid substitution in, 

30 amino acid deletion from or amino acid insertion into said polypeptide and occurs within 8 amino acid residues from 
the protease cleavage site in said polypeptide, 

wherein said polypeptide or glycosylated polypeptide is a modified human granulocyte colony stimulating factor 
(hG-CSF), with an alanine residue substituted for the first (from the N terminus) amino acid (threonine) residue of 
hG-CSF, a threonine residue for the third (from the N terminus) amino acid (leucine) residue, a tyrosine residue for 
35 the fourth (from the N terminus) amino acid (glycine) residue, an arginine residue for the fifth (from the N terminus) 
amino acid (proline) residue and a serine residue for the 17th (from the N terminus) amino acid (cysteine) residue; 
and additionally contains an asparagine residue in lieu of the 6th (from the N terminus) amino acid (alanine) resi- 
due, or an asparagine residue in lieu of the 145th (from the N terminus) amino acid (glutamine) residue and a ser- 
ine residue in lieu of the 147th (from the N terminus) amino acid (arginine) residue. 

40 

2. The glycosylated polypeptide of claim 1 wherein the carbohydrate chain added is an N-glycosylated carbohydrate 
chain, an O-glycosylated carbohydrate chain or a chemically synthesized carbohydrate chain. 

3. The polypeptide or glycosylated polypeptide of Claim 1 or 2, wherein the carbohydrate addition site occurs on a 
45 surface site of said polypeptide. 

4. A polypeptide or glycosylated polypeptide as claimed in Claim 1 which has an amino acid sequence selected from 
the group consisting of the amino acid sequences shown in Table 3 and Table 4. 

50 5. Ad oxyribonucleic acid (DNA) coding for a polypeptide or glycosylated polypeptide according to one of the claims 
1 to 4. 

6. A recombinant plasmid having a DNA as claimed in claim 5 inserted therein. 

55 7. A recombinant plasmid as claimed in Claim 6 which comprises a plasmid DNA having the Escherichia coli tryp- 
tophan promoter or the SV40 early promoter and a DNA coding for a polypeptide or glycosylated polypeptide 
inserted in said plasmid DNA at a site downstream from said promoter. 



EP 0 370 205 B1 



8. A recombinant plasmid as claimed in Claim 6 or 7, wherein said recombinant plasmid is pAS28, pASN6 or 
PASN145. deposited with FRI under accession nos. FERM BP-2069, FERM BP-2070, and FERM BP-2071, 
respectively. 

9. A microorganism or animal cell harboring a recombinant plasmid according to one of the claims 6 to 8. 

10. A microorganism as claimed in Claim 9, wherein said microorganism belongs to the species Escherichia 

1 1 . An animal cell as claimed in Claim 9, wherein said animal cell is a Chinese hamster ovary cell or a Namalwa cell. 

12. A method of producing a polypeptide or glycosylated polypeptide which comprises cultivating a microorganism or 
animal cell as claimed in one of the Claims 9 to 1 1 in a medium to thereby cause accumulation of a polypeptide or 
glycosylated polypeptide in the culture and recovering said polypeptide or glycosylated polypeptide from said cul- 
ture. 

13. A method as claimed in Claim 12 which comprises cultivating said microorganism or animal cell in a medium con- 
taining an agent that inhibits an enzyme involved in biosynthesis or processing of the carbohydrate chain selected 
from the group consisting of l-deoxynojirimycin, 1-deoxymannojirimycin or swainsonine to thereby change the 
structure of the carbohydrate chain added to the polypeptide. 

14. A method as claimed in claim 12 or 13, wherein said microorganism is a strain of Escherichia &!L a yeast or a 
fungi. 

15. A method as claimed in claim 12 or 13, wherein said animal cell is a Chinese hamster ovary cell or a Namalwa cell. 

16. A method of modifying the carbohydrate chain added to a glycosylated polypeptide produced by the method of 
Claim 12 which comprises treating said glycosylated polypeptide with a sialyttransf erase or glycosklase selected 
from the group consisting of sialidase, p-Galactosidase. p-N-Acetyigiucosaminidase, p-Mannosidase and endogly- 
cosidase. 

17. A process for preparing a pharmaceutical composition, comprising the step of providing a pharmaceutical^ effec- 
tive amount of at least one polypeptide or glycosylated polypeptide according to one of the claims 1 to 4, optionally 
in combination with a pharmaceutical^ acceptable carrier a adjuvant. 

PatentansprOche 

PatentansprOche f Or foigende Vertragsstaaten : AT, BE, CH, DE, FR, GB, IT, U, NL, LU, SE 

1. Polypeptid mit einer Aminos&uresequenz, welche die Addition wenigstens einer Kohlenhydratkette erlaubt, Oder 
ein glykosyliertes Polypeptid, abgeleitet von einem Polypeptid mit einer Aminos&uresequenz, an die wenigstens 
eine Kohlenhydratkette addiert ist, wobei die Kbhlenhydratadditionsstelle durch Aminos&uresubstitution, Amino- 
s&uredeletion Oder Aminosflureinsertion im Polypeptid erzeugt wird und sich innerhalb von 8 Aminos&uren bei 
einer Proteaseschnittstelle in dem Polypeptid befindet, 

worin das Polypeptid Oder glykosylierte Polypeptid ein modif izierter humaner Granulocyten-Kolonie stimulierender 
Faktor (hG-CSF) ist, wobei der erste (vom N-Terminus) Aminos&urerest (Threonin) von hG-CSF durch einen Ala- 
ninrest substituiert ist, der dritte (vom N-Terminus) Aminos&urerest (Leucin) durch einen Threoninrest ersetzt ist, 
der vierte (vom N-Terminus) Aminos&urerest (Glycin) durch einen Tyrosinrest ersetzt ist, der fQnfte (vom N-Termi- 
nus) Aminosflurerest (Prolin) durch einen Argininrest ersetzt ist und der siebzehnte (vom N-Terminus) Aminosftu- 
rerest (Cystein) durch einen Serinrest ersetzt ist; 

und zusdtzlich einen Asparaginrest anstelle des sechsten (vom N-Terminus) Aminos&urerestes (Alanin) Oder einen 
Asparaginrest anstelle des 145. (vom N-Terminus) Aminos&urerest (Giutamin) und einen Serinrest anstelle des 
147. (vom N-Terminus) Aminos&urerest (Arginin) enth&lt. 

2. Glykosyliertes Polypeptid nach Anspruch 1, worin die addierte Kohlenhydratkette eine N-glykosylierte Kohlenhy- 
dratkette, eine O-glykosylierte Kohlenhydratkette Oder eine chemisch synthetisierte Kohlenhydratkette ist. 

3. Polypeptid Oder glykosyliertes Polypeptid nach Anspruch 1 Oder 2, worin sich die Kohlenhydratadditionsstelle auf 
der Oberfl&che des Polypeptids befindet. 
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4. Polypeptid oder glykosyliertes Polypeptid nach Anspruch 1 t mit einer Aminosfiuresequenz, ausgewahlt unter den 
Aminosauresequenzen in Tabelle 3 und Tabelte 4. 

5. Deoxyribunucteinsfiure (DN A), welche fOr ein Polypeptid Oder glykosyliertes Polypeptid nach einem der AnsprQche 
5 1 bis 4 codiert. 

6. Rekombinantes Plasmid, in welches eine DNA nach Anspruch 5 insertiert ist. 

7. Rekombinantes Plasmid nach Anspruch 6, welches eine Plasmid-DNA umfeBt, die den Escherichia soli Trypto- 
w phan-Promotor oder den SV40 frOhen Promoter und eine DNA enthatt, welche fOr ein Polypeptid oder glykosylier- 
tes Polypeptid codiert und in die Plasmid-DNA stromabwdrts vom Promoter insertiert ist. 

8. Rekombinantes Plasmid nach Anspruch 6 oder 7, worin das rekombinante Plasmid pAS28, pASN6 oder pASN1 45, 
hinterlegt bei der FRI unter der Hinterlegungs-Nr. FERM BP-2069, FERM BP-2070, bzw. FERM BP-2071 , ist. 

15 

9. Mikroorganismus oder tierische Zelle, weicher oder welche ein rekombinantes Plasmid nach einem der AnsprQche 
6 bis 8 tragi 

10. Mikroorganismus nach Anspruch 9, wobei der Mikroorganismus der Spezies Escherichia &li zugeordnet ist. 

20 

1 1 . Tierische Zelle nach Anspruch 9, wobei die tierische Zelle eine Chinese Hamster Ovarialzelle Oder eine Namalwa- 
zelle ist. 

12. Verfahren zur Herstellung eines Polypeptide oder glykosylierten Polypeptids, wobei man einen Mikroorganismus 
25 oder eine tierische Zelle nach einem der AnsprQche 9 bis 1 1 in einem Medium kultiviert, urn die Akkumulation eines 

Polypeptids oder glykosylierten Polypeptids in der Kuftur zu bewirken und das Polypeptid oder glykosylierte Poly- 
peptid aus der Kultur isoliert. 

13. Verfahren nach Anspruch 12, wobei man den Mikroorganismus Oder die tierische Zelle in einem Medium kultiviert, 
30 das ein Agens enthatt, welches ein Enzym inhibiert, das an der Biosynthese oder Prozessierung der Kohlenhydrat- 

kette beteiligt ist, ausgewahlt unter 1-Deoxynojirimycin, 1-Deoxymannojirimycin oder Swainsonin, wodurch man 
die Struktur der an das Polypeptid addierten Kohlenhydratkette verdndert. 

14. Verfahren nach Anspruch 12 oder 13, wain der Mikroorganismus ein Escherichia coIi-Stamm, eine Hefe oder ein 
35 Fungus ist. 

1 5. Verfahren nach Anspruch 12 oder 13, worin die tierische Zelle eine Chinese Hamster Ovarialzelle Oder eine Namal- 
wazelle ist. 

40 16. Pharmazeutisches Mittel, umfassend eine pharmazeutisch wirksame Menge wenigstens eines Polypeptids Oder 
glykosylierten Polypeptids nach einem der AnsprQche 1 bis 4, gegebenenfalls in Kombination mit einem pharma- 
zeutisch akzeptablen Trflger oder Adjuvans. 

PatentansprOche f Or f olgenden Vertragsstaat : ES 

45 

1. Verfahren zur Herstellung eines Polypeptids mit einer Aminosduresequenz, welche die Addition wenigstens einer 
Kohlenhydratkette erlaubt, Oder ein glykosyliertes Polypeptid, abgeleitet von einem Polypeptid mit einer Aminosdu- 
resequenz, an die wenigstens eine Kohlenhydratkette addiert ist, wobei man ein Polypeptid oder glycosyliertes 
Polypeptid bereitstellt, worin die Kohlenhydratadditionsstelle durch Aminos&uresubstitution, Aminosauredeletion 
so oder Aminos&ureinsertion im Polypeptid erzeugt wind und sich innerhalb von 8 Aminos&uren bei einer Protease- 
schnittstelle in dem Polypeptid befindet, 

worin das Polypeptid Oder glykosylierte Polypeptid ein modrf izierter humaner Granulocyten-Kolonie stimulierender 
Faktor (hG-CSF) ist, wobei der erste (vom N-Terminus) Aminosaurerest (Threonin) von hG-CSF durch einen Ala- 
ninrest substituiert ist, der dritte (vom N-Terminus) Aminosaurerest (Leucin) durch einen Threoninrest ersetzt ist, 
55 der vierte (vom N-Terminus) Aminosaurerest (Glycin) durch einen Tyrosinrest ersetzt ist, der fOnfte (vom N-Termi- 
nus) Aminosaurerest (Prolin) durch einen Argininrest ersetzt ist und der siebzehnte (vom N-Terminus) Aminosau- 
rerest (Cystein) durch einen Serinrest ersetzt ist; 

und zusatzlich einen Asparaginrest anstelle des sechsten (vom N-Terminus) Aminos&urerestes (Alanin) oder einen 
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Asparaginrest anstelle dee 145. (vom N-Terminus) Aminosaurerest (Qlutamin) und einen Serinrest anstelle des 
147. (vom N-Terminus) Aminosaurerest (Arginin) enthait. 

2. Verfahren nach Anspruch 1 , worin die addierte Kohlenhydratkette eine N-glykosylierte Kohlenhydratkette. eine 0- 
5 glykosylierte Kohlenhydratkette Oder eine chemisch synthetisierte Kohlenhydratkette ist. 

3. Verfahren nach Anspruch 1 oder 2, worin sich die Kohlenhydratadditionsstelle auf der Oberf lache des Polypeptids 
befindet. 

io 4. Verfahren nach Anspruch 1 , worin das Polypeptid oder glykosylierte Polypeptid eine Aminosauresequenz, ausge- 
wahlt unter den Aminosauresequenzen in Tabelle 3 und Tabelle 4, aufweist. 

5. Verfahren zur Herstellung von Desoxyribonucleinsdure (DNA), welche for ein Polypeptid oder glykosyliertes Poly- 
peptid nach einem der AnsprQche 1 bis 4 codiert. wobei man die ursprQngliche DNA-Sequenz eines Polypeptids in 

is einer Weise modHiziert, welche die Addition einer Kohlenhydratkette an eine Stelle erlaubt, die sich innerhalb von 
acht Aminosaureresten bei einer Proteaseschnrttstelle in dem Polypeptid befindet. 

6. Verfahren zur Herstellung eines rekombinanten Plasmids, wobei man ein Plasmid bereitstellt, in welches eine DNA 
gemaB Anspruch 5 insertiert wird. 

20 

7. Verfahren nach Anspruch 6, wobei man eine Plasmid-DNA bereitstellt, die den Escherichia coli Trvptophan-Promo- 
tor oder den SV40 frOhen Promotor und eine DNA enthait welche for ein Polypeptid oder glykosyliertes Polypeptid 
codiert und in die Plasmid-DNA stromabwarts vom Promotor insertiert ist. 

25 8. Verfahren nach Anspruch 6 Oder 7, worin das rekombinante Plasmid pAS28, pASN6 Oder pASN 1 45, hinterlegt bei 
der FRI unter der Hinterlegungs-Nr. FERM BP-2069, FERM BP-2070. bzw. FERM BP-2071, ist. 

9. Verfahren zur Herstellung eines Mikroorganismus oder einer tierischen Zelle, enthaltend ein rekombinantes Plas- 
mid mit einer DNA, welche fQr ein Polypeptid codiert und die Addition wenigstens einer Kohlenhydratkette daran 

30 erlaubt, Oder fQr ein glycosyliertes Polypeptid codiert. an welches wenigstens eine Kohlenhydratkette addiert ist, 
wobei man den Mikroorganismus oder die tierische Zelle mit einem Plasmid nach einem der AnsprQche 6 bis 8 
transform! ert. 

10. Verfahren nach Anspruch 9, wobei der Mikroorganismus der Spezies Escherichia cflli zugeordnet ist. 

35 

11. Verfahren nach Anspruch 9, wobei die tierische Zelle eine Chinese Hamster Ovarialzelle oder eine Hamalwazelle 

ist. 

12. Verfahren zur Herstellung eines Polypeptids oder glykosylierten Polypeptids, wobei man einen Mikroorganismus 
40 oder eine tierische Zelle nach einem der AnsprQche 9 bis 1 1 in einem Medium kultiviert, urn die Akkumulation eines 

Polypeptide Oder glykosylierten Polypeptids in der Kuttur zu bewirken und das Polypeptid oder glykosylierte Poly- 
peptid aus der Kuttur isoliert. 

13. Verfahren nach Anspruch 12, wobei man den Mikroorganismus oder die tierische Zelle in einem Medium kultiviert, 
45 das ein Agens enthait, welches ein Enzym inhibiert, das an der Biosynthese oder prozessierung der Kohlenhydrat- 
kette beteiiigt ist, ausgewahlt unter 1-Deaxynojirimycin, 1-Deoxymannojirimycin oder Swainsonin, wodurch man 
die Struktur der an das Polypeptid addierten Kohlenhydratkette verandert. 

14. Verfahren nach Anspruch 12 oder 13, worin der Mikroorganismus ein Escherichia geJi-Stamm, eine Hefe Oder ein 
so Fungus ist. 

15. Verfahren nach Anspruch 12 oder 13, worin die tierische Zelle eine Chinese Hamster ovarialzelle oder eine Namal- 
wazelie ist. 

55 1 6. Verfahren zur Modif izierung der Kohlenhydratkette, welche an ein glykosyliertes Polypeptid, hergestellt nach einem 
Verfahren gemaB Anspruch 12, addiert ist, wobei man das glykosylerte Polypeptid mit einer Sialyltransferase oder 
GlycoskJase behandett, ausgewahlt unter Sislidase, p-GalactoskJase* p-N-Acetylglucosaminidase, p-Mannosidase 
und EndoglycoskJase. 
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17. Verfahren zur Herstellung eines pharmazeutischen Mittels, umfassend die Bereitstellung einer pharmazeutisch 
wirksamen Menge wenigstens eines Polypeptids Oder glykosyiierten Polypeptids nach einem der AnsprQche 1 bis 
4, gegebenenfails in Kbmbination mit einem pharmazeutisch akzeptablen Trdger oder Adjuvans. 

PatentansprQche f Qr tolgenden Vertragsstaat : GR 

1. Polypeptid mit einer AminosAuresequenz, weiche die Addition wenigstens einer Kohlenhydratkette erlaubt, Oder 
ein glykosyliertes Polypeptid, abgefeitet von einem Polypeptid mit einer Aminos&uresequenz, an die wenigstens 
eine Kohlenhydratkette addiert ist, wobei die Kbhlenhydratadditionsstelle durch AminosAuresubstitution, Amino- 
sAuredeletion oder AminosAureinsertion im Polypeptid erzeugt wind und sich innerhalb von 8 AminosAuren bei 
einer ProteaseschnittsteNe in dem Polypeptid bef indet, 

worin das Polypeptid oder glykosylierte Polypeptid ein mod'rf izierter humaner Qranulocyten-Kolonie stimulierender 
Faktor (hG-CSF) ist, wobei der erste (vom N-Terminus) AminosAurerest (Threonin) von hG-CSF durch einen Ala- 
ninrest substituiert ist, der dritte (vom N-Terminus) AminosAurerest (Leucin) durch einen TTireoninrest ersetzt ist, 
der vierte (vom N-Terminus) AminosAurerest (Glycin) durch einen Tyrosinrest ersetzt ist, der fQnfte (vom N-Termi- 
nus) AminosAurerest (Prolin) durch einen Argininrest ersetzt ist und der siebzehnte (vom N-Terminus) AminosAu- 
rerest (Cystein) durch einen Serinrest ersetzt ist; 

und zusatzlich einen Asparaginrest anstelle des sechsten (vom N-Terminus) AminosAurerestes (Alanin) oder einen 
Asparaginrest anstelle des 145. (vom N-Terminus) AminosAurerest (Glutamin) und einen Serinrest anstelle des 
147. (vom N-Terminus) AminosAurerest (Arginin) enthAlt. 

2. Glykosyliertes Polypeptid nach Anspruch 1, worin die addierte Kohlenhydratkette eine N-glytosyiierte Kohlenhy- 
dratkette, eine O-glykosyiierte Kohlenhydratkette Oder eine chemisch synthetisierte Kohlenhydratkette ist. 

3. Polypeptid oder glykosyliertes Polypeptid nach Anspruch 1 oder 2, worin sich die Kbhlenhydratadditionsstelle auf 
der Oberf lAche des Polypeptids bef indet. 

4. Polypeptid oder glykosyliertes Polypeptid nach Anspruch 1 , mit einer AminosAuresequenz, ausgewAhlt unter den 
AminosAuresequenzen in Tabelle 3 und Tabelie 4. 

5. DeoxyribunucleinsAure (DNA), weiche fOr ein Polypeptid oder glykosyliertes Polypeptid nach einem der AnsprQche 
1 bis 4 codiert. 

6. Rekombinantes Plasmid, in welches eine DNA nach Anspruch 5 insertion ist. 

7. Rekombinantes Plasmid nach Anspruch 6, welches eine Plasmid-DNA umfaBt, die den Escherichia cqH Trypto- 
phan-Promotor oder den SV40 frflhen Promoter und eine DNA enthAlt, weiche fOr ein Polypeptid Oder glykosylier- 
tes Polypeptid codiert und in die Plasmid-DNA stromabwArts vom Promoter inserted ist. 

8. Rekombinantes Plasmid nach Anspruch 6 oder 7, worin das rekombinante Plasmid pAS28, pASN6 oder pASN1 45, 
hinterlegt bei der FRI unter der Hinterlegungs-Nr. FERM BP-2069, FERM BP-2070, bzw. FERM BP-2071, ist. 

9. Mikroorganismus oder tierische Zelle, welcher oder weiche ein rekombinantes Plasmid nach einem der AnsprQche 
6 bis 8 tragi 

10. Mikroorganismus nach Anspruch 9, wobei der Mikroorganismus der Spezies Escherichia coli zugeordnet ist. 

1 1 . Tierische Zelle nach Anspruch 9, wobei die tierische Zelle eine Chinese Hamster Ovarialzelle oder eine Namalwa- 
zelle ist. 

12. Verfahren zur Herstellung eines Polypeptids Oder glykosyiierten Polypeptids, wobei man einen Mikroorganismus 
oder eine tierische Zelle nach einem der AnsprQche 9 bis 11 in einem Medium kurtiviert, urn die Akkumulation eines 
Polypeptids oder glykosyiierten Polypeptids in der Kurtur zu bewirken und das Polypeptid Oder glykosylierte Poly- 
peptid aus der Kurtur isoliert. 

13. Verfahren nach Anspruch 12, wobei man den Mikroorganismus oder die tierische Zelle in einem Medium kultiviert, 
das ein Agens enthAlt, welches ein Enzym inhibiert, das an der Biosyrrthese Oder Prozessierung der Kohlenhydrat- 
kette beteiligt ist, ausgewAhlt unter 1-Deoxynojirimycin, 1-Deoxymannojirimycin oder Swainsonin, wodurch man 
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die Struktur der an das Polypeptid addierten Kohlenhydratkette verftndert. 

14. Verfahren nach Anspruch 12 Oder 13, worin der Mikroorganismus ein Es cherichia csli-Stamm, eine Hefe Oder ein 
Fungus ist. 

1 5. Verfahren nach Anspruch 1 2 Oder 1 3, worin die tierische Zelle eine Chinese Hamster Ovarialzelle Oder eine Namal- 
wazelle ist. 

1 6. Verfahren zur Modif izierung der Kohlenhydratkette, welche an ein glykosyliertes Polypeptid, hergestellt nach einem 
Verfahren gemaB Anspruch 12, addiert ist, wobei man das glykosyiierte Polypeptid mrt einer Sialyltransferase oder 
Glycosidase behandelt, ausgewfthlt unter Sialydase, p-Galactosidase, p-N-Acetylglucosaminidase, p-Mannosidase 
und Endoglycosidase. 

17. Verfahren zur Herstellung eines pharmazeutischen Mittels, umfassend die Bereitstellung einer pharmazeutisch 
wirksamen Menge wenigstens eines Polypeptide Oder glykosylierten Polypeptide nach einem der AnsprOche 1 bis 
4, gegebenenfalls in Kombination mrt einem pharmazeutisch akzeptablen Trager Oder Adjuvans. 

Revendlcatlons 

Revendlcations pour les Etats contractants sulvants : AT, BE, CH, DE, FR, GB, IT, LI, NL, LU, SE 

1 . Polypeptide ayant une sequence d'acides amines qui permet de lui ajouter au moins une chaTne glucidique, ou 
polypeptide glycosyl6 d6riv6 d'un polypeptide ayant une sequence d'acides amines k iaquelie est ajout6e au moins 
une chaTne glucidique, ou le site d'addition du glucide est cr66 par substitution d'acides amines, d6l6tion d'acides 
aminds ou insertion d'acides amines dans ied'rt polypeptide et se trouve dans I'intervalle de 8 r6sidus acides ami- 
nes k partir du site de clivage proteasique dudit polypeptide, 

ou ledit polypeptide ou polypeptide glycosyte est un facteur stimulant la formation de colonies granulocytaire 
humain (hG-CSF) modif i6 ayant un r6sidu alanine substitu6 au premier [k partir de I'axtr6mit6 N-terminale) rteidu 
acide amin6 (threonine) de hG-CSF, un r6sidu threonine au troisifcme (k partir de I'extr6mit6 N-terminale) r6sidu 
acide amin6 leucine), un r6sidu tyrosine au quatrifcme (k partir de I'extr6mit6 N-terminale) r6sidu acide amine (gly- 
cine), un r6sidu arginine au cinquieme (k partir de I'extr6mit6 N-terminale) r6sidu acide amine (proline) et un r6sidu 
serine au dix-septieme (k partir de I'extr6mit6 N-terminale) r6sidu acide amine (cysteine); 

et contient additionnellement un residu asparagine au lieu du sixi6me (k partir de I'extr6mit6 N-terminale) 
r6sidu acide amine (alanine) ou un r6sidu asparagine au lieu du cent quarante-cinqui&me (k partir de I'extremite N- 
terminale) r6sidu acide amine (glutamine) et un r6sidu serine au lieu du cent quarantesepti6me {k partir de I'extre- 
mite N-terminale) r6sidu acide amine (arginine). 

2. Polypeptide glycosyie selon la revendication 1 , ou la chaTne glucidique ajoutee est une chaTne glucidique N-glyco- 
syl6e P une chaTne glucidique 0-glycosyl6e ou une chaTne glucidique synth6tis6e chimiquement. 

3. Polypeptide ou polypeptide glycosyie selon la revendication 1 ou 2, ou le site d'addition du glucide se trouve sur un 
site superf tciel dudit polypeptide. 

4. Polypeptide ou polypeptide glycosyie selon la revendication 1, lequel a une s6quence d'acides amines selection- 
nee dans le groupe constitu6 par les sequences d'acides amines representees au tableau 3 et au tableau 4. 

5. Acide d6soxyribonucl6ique (ADN) codant un polypeptide ou un polypeptide glycosyie selon I'une quelconque des 
revendlcations 1 k 4. 

6. Plasmide recombine contenant un ADN selon la revendication 5 ins£r£. 

7. Plasmide recombine selon la revendication 6, lequel comprend un ADN plasmide comportant le promoteur trypto- 
phane de Escherichia coli ou le promoteur pr6coce SV40 et un ADN codant un polypeptide ou polypeptide glyco- 
syie ins6r6 dans ledit ADN plasmide k un site en aval dudit promoteur. 

8. Plasmide recombin6 selon la revendication 6 ou 7, ou ledit plasmide recombine est pAS28, pASN6 ou pASN145, 
deposes auprSsde FP! sous les num6rosded6p6t respectifs FERM BP-2069, FERM BP-2070 et FERM BP-2071 . 
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9. Micro-organisme ou cellule animale contenant un plasmide recombin6 selon Tune des revendications 6 6 8. 

10. Micro-organisme selon la revendication 9, ou ledit microorganisme appartient £ I'esp&ce Escherichia coli. 

5 11. Cellule animate selon la revendication 9, ou ladite cellule animate est une cellule ovarienne de hamster chinois ou 
une cellule Namalwa. 

12. Proc6d6 de production d'un polypeptide ou polypeptide giycosyie, lequel comprend la culture d'un micro-orga- 
nisme ou d'une cellule animale selon Tune quelconque des revendications 9 611 dans un milieu pour ainsi provo- 

10 quer ('accumulation d'un polypeptide ou polypeptide giycosyie dans la culture et la recuperation dudit polypeptide 
ou polypeptide giycosyie dans ladite culture. 

13. Proc6d6 selon la revendication 12, lequel comprend la culture dudit micro-organisme ou de ladite cellule animale 
dans un milieu contenant un agent qui inhibe une enzyme impliqu6e dans la biosynthdse ou la maturation de la 

is chatne glucidique. s6lectionn6e dans le groupe constitud par la 1 -dteoxynojirimycine, la 1 -desoxymannojirimycine 
ou la swainsonine, pour ainsi modifier la structure de la chatne glucidique ajoutee au polypeptide. 

14. Proc6d6 selon la revendication 12 ou 13, ou ledit micro-organisme est une souche de Escherichia soli une levure 
ou un champignon. 

20 

1 5. Proc6d6 selon la revendication 12 ou 1 3, ou ladite cellule animale est une cellule ovarienne de hamster chinois ou 
une cellule Namalwa. 

16. Composition pharmaceutique comprenant une quantrte pharmaceutiquement efficace d'au moins un polypeptide 
25 ou polypeptide giycosyie selon rune quelconque des revendications 1 & 4, facultativement associe & un excipient 

ou adjuvant pharmaceutiquement acceptable. 

Revendications pour I'Etat contractant sulvant : ES 

30 1 . Proc6d6 de preparation d'un polypeptide ayant une sequence d'acides amines qui per met de lui ajouter d'au moins 
une chatne glucidique, ou d'un polypeptide giycosyie derive d'un polypeptide ayant une sequence d'acides amines 
a laquelle est ajoutee au moins une chatne glucidique, lequel proc6d6 comprend la mise £ disposition d'un poly- 
peptide ou polypeptide giycosyie ou le site d'addition du glucide est cr66 par substitution d'acides amines, deletion 
d'acides amines ou insertion d'acides amines dans ledit polypeptide et se trouve dans I'intervalle de 8 r6sidus aci- 

35 des amines £ partir du site de clivage proteasique dudit polypeptide, 

ou ledit polypeptide ou polypeptide giycosyie est un facteur stimulant les colonies granulocytaire humain (hG-CSF) 
modifie ayant un r6skJu alanine substitue au premier (£ partir de Textremite N-terminale) residu acide amine (threo- 
nine) de hG-CSF, un residu threonine au troisi£me (£ partir de I'extr6mit6 N-terminale) residu acide amine (leu- 
cine), un residu tyrosine au quatri£me (6 partir de !'extr6mite N-terminale) r6sidu acide amine (glycine), un residu 

40 arginine au cinqui6me (£ partir de I'extremite N-terminale) residu acide amine (proline) et un residu serine au dix- 
septieme (6 partir de rextr6mit6 N-terminale) residu acide amine (cysteine) 

et contient additionnellement un residu asparagine au lieu du sixi£me (£ partir de I'extremite N-terminale) 
residu acide amine (alanine) ou un residu asparagine au lieu du cent quarante-cinqui6me (& partir de I'extremite N- 
terminale) residu acide amine (glutamine) et un residu serine au lieu du cent quaranteseptieme (£ partir de I'extre- 

45 mite N-terminale) residu acide amine (arginine). 

2. Procede selon la revendication 1 , ou la chatne glucidique ajoutee est une chatne glucidique N-glycosyiee, une 
chatne glucidique O-glycosyiee ou une chatne glucidique synth6tis6e chimiquement. 

so 3. Procede selon la revendication 1 ou 2, ou le site d'addition du glucide se trouve sur un site superficiel dudit poly- 
peptide. 

4. Procede selon la revendication 1, ou est prepare un polypeptide ou polypeptide giycosyie ayant une sequence 
d'acides amines s6lectionn6e dans le groupe constitu6 par les sequences d'acides amines representees au 

55 tableau 3 et au tableau 4. 

5. Procede de preparation d'acide desoxyribonucieique (ADN) codant un polypeptide ou polypeptide giycosyie selon 
lune quelconque des revendications 1 £ 4, par modification de la sequence d'ADN d'origine d'un polypeptide d'une 
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fagon permettant I'addition d'une chatne glucidique k un site se trouvant dans I'interalle de 8 r6sidus acides amines 
k partir du site de clivage proteasique dudit polypeptide. 

6. Proc6d6 de preparation d'un ptasmide recombin6, iequei proc6d6 comprend la mise k disposition d'un plasmide 
contenant un ADN selon la revendication 5 ins6r6. 

7. Proc6d6 selon la revendication 6. Iequei comprend la mise k disposition d'un ADN plasmide comportant le promo- 
ter tryptophane de Escherichia coii ou le promoteur pr6coce SV40 et un ADN codant un polypeptide ou un poly- 
peptide giycosyie, ins6r6 dans ledit ADN plasmide en un site en aval dudit promoteur 

8. Proc6d6 selon la revendication 6 ou 7, ou ledit plasmide recombine est pAS28, pASN6 ou pASN145, d6pos6s 
aupr6s de FRI sous les num6ros de d6p6t respectifs FERM BP-2069, FERM BP-2070 et FERM BP-2071 . 

9. Proc6d6 de preparation d'un micro-organisme ou d'une cellule animate contenant un plasmide recombine ayant un 
ADN codant un polypeptide qui permet d'ajouter d'au moins une chaTne glucidique k ce dernier ou un polypeptide 
giycosyie ayant au moins une chatne glucidique ajoutee, par transformation du micro-organisme ou de la cellule 
animate par un plasmide selon Tune quelconque des revendications 6 k 8. 

10. Procede selon la revendication 9, ou ledit micro-organisme appartient k l'esp6ce Escherichia coli. 

1 1 . Proc6d6 selon la revendication 9, ou ladite cellule animate est une cellule ovarienne de hamster chinois ou une cel- 
lule Namalwa. 

12. Proc6d6 de production d'un polypeptide ou polypeptide giycosyie, Iequei comprend la culture d'un micro-orga- 
nisme ou d'une cellule animate selon I'une quelconque des revendications 9 k 11 dans un milieu pour ainsi provo- 
quer ('accumulation d'un polypeptide ou polypeptide giycosyie dans la culture et la recuperation dudit polypeptide 
ou polypeptide glycosyte dans ladite culture. 

13. Procede selon la revendication 12, Iequei comprend la culture dudit micro-organisme ou de ladite cellule animate 
dans un milieu contenant un agent qui inhibe une enzyme impiiquee dans la biosynthese ou la maturation de la 
chatne glucidique, s6lectionn6e dans le groupe constitue par la 1-d6saxynojirimycine, la 1-desoxymannojirimycine 
ou la swainsonine, pour ainsi modifier la structure de la chatne glucidique ajoutee au polypeptide. 

14. Procede selon la revendication 12 ou 1 3, ou ledit micro-organisme est une souche de Escherichia coli une levure 
ou un champignon. 

15. Procede selon la revendication 12 ou 13, ou ladite cellule animate est une cellule ovarienne de hamster chinois ou 
une cellule Namalwa. 

1 6. Procede de modification de la chatne glucidique ajoutee k un polypeptide giycosyie produit par le procede selon la 
revendication 12, Iequei comprend le traitemerrt dud'rt polypeptide glycosyte par une sialyl-transferase ou une gly- 
cosidase s6lectionn6e dans le groupe constitue par la sialydase, la p-galactosidase, la p-N-ac6tylglycosaminidase, 
la p-mannosidase et I'endoglycosidase. 

17. Procede de preparation d'une composition pharmaceutique comprenant retape consistant k fournir une quantite 
pharmaceutiquement efficace d'au moins un polypeptide ou polypeptide giycosyie selon I'une quelconque des 
revendications 1 k 4, facultativement associe k un excipient ou adjuvant pharmaceutiquement acceptable. 

Revendications pour retat contractant suivant : GR 

1. Polypeptide ayant une sequence d'acides amines qui permet de lui ajouter au moins une chatne glucidique, ou 
polypeptide giycosyie derive d'un polypeptide ayant une sequence d'acides amines k laquelle est ajoutee au moins 
une chatne glucidique ou le site d'addition du glucide est cr66 par substitution d'acides amines, deletion d'acides 
amines ou insertion d'acides amines dans ledit polypeptide et se trouve dans I'intervalle de 8 r6sidus acides ami- 
nes k partir du site de clivage proteasique dudit polypeptide, 

ou ledit polypeptide ou polypeptide giycosyie est un facteur stimulant la formation de colonies granulocytaire 
humai.i (h3-CSF) modifie ayant un r6sidu alanine substitu6 au premier (k partir de I'extr6mit6 N-terminale) r6sidu 
acide amine (threonine) ?e hQ-CSF, un residu threonine au troisieme (k partir de I'extremite N-terminale) residu 
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acide amin6 (leucine), un r6sidu tyrosine au quatridme (k partirde I*extr6mit6 N-terminale) r6sidu acide amin6 (gly- 
cine), un r6sidu arginine au dnquifcme (k partir de I'extr6mit6 N-terminale) r6sidu acide amine (proline) et un r6sidu 
serine au dix-septi6me (k partir de rextr6mit6 N-terminale) r6sidu acide amine (cysteine); 

et contient additionneliement un r6sidu asparagine au lieu du sixi6me (k partir de I'extr6mrt6 N-terminale) 
5 r6sidu acide amine (alanine) ou un r6sidu asparagine au lieu du cent quarante-cinquiftme (k partir de I'extr6mite N- 
terminale) r6sidu acide amine (glutamine) et un r6sidu serine au lieu du cent quaranteseptteme (k partir de I'extr6- 
mite N-terminale) r6skJu acide amine (arginine). 

2. Polypeptide glycosyie selon la revendication 1 , ou la chaTne glucidique ajoutee est une chaTne glucidique N-glyco- 
10 syl6e, une chaTne glucidique 0-glycosyl6e ou une chaTne glucidique 6ynth6ti&6e chimiquement. 

3. Polypeptide ou polypeptide glycosyie selon la revendication 1 ou 2, ou le site d'addition du glucide se trouve sur un 
site superf iciel dudit polypeptide. 

15 4. Polypeptide ou polypeptide glycosyie selon la revendication 1 , lequel a une sequence d'acides amines s6lection- 
n6e dans le groupe constrtue par les sequences d'acides amines representees au tableau 3 et au tableau 4. 

5. Acide d6soxyribonucl6ique (ADN) codant un polypeptide ou un polypeptide glycosyie selon Tune quelconque des 
revendications 1 k 4. 

20 

6. Plasmide recombine contenant un ADN selon la revendication 5 ins6r6. 

7. Plasmide recombin6 selon la revendication 6, lequel comprend un ADN plasmide comportant le promoteur trypto- 
phane de Escherichia colt ou le promoteur pr6coce SV40 et un ADN codant un polypeptide ou polypeptide glyco- 
ls syl6, ins6r6 dans ledit ADN plasmide k un site en aval dudit promoteur. 

8. Plasmide recombine selon la revendication 6 ou 7, ou ledit plasmide recombine est pAS28, pASN6 ou pASN145, 
d6pos6s aupr6s de FRI sous les num6ros de d6p6t respectifs FERM BP-2069. FERM BP 2070 et FERM BP-2071 . 

30 9. Micro-organisme ou cellule animate contenant un plasmide recombin6 selon Tune des revendications 6 k 8. 

10. Micro-organisme seton la revendication 9, ou ledit microorganisms appartient k I'espSce Escherichia coli. 

1 1 . Cellule animate selon la revendication 9, ou ladite cellule animale est une cellule ovarienne de hamster chinois ou 
35 une cellule Namalwa. 

12. Proc6d6 de production d'un polypeptide ou polypeptide glycosyie, lequel comprend la culture d'un micro-orga- 
nisme ou d'une cellule animale selon Tune quelconque des revendications 9 k 1 1 dans un milieu pour ainsi prcvo- 
quer ('accumulation d'un polypeptide ou polypeptide glycosyie dos la culture et la recuperation dudit polypeptide ou 

40 polypeptide glycosyie dans ladite culture. 

13. Proc6d6 selon la revendication 12, lequel comprend la culture dudit micro-organisme ou de ladite cellule animale 
dans un milieu contenant un agent qui inhibe une enzyme impliqu6e dans la biosynth&se ou la maturation de la 
chaTne glucidique, s6lectionnee dans le groupe constitue par la 1 -d6soxynojirimycine ( la 1 -d6soxymannojinmycine 

45 ou la swainsonine, pour ainsi modifier la structure de la chaTne glucidique ajoutee au polypeptide. 

14. Proc6d6 selon la revendication 12 ou 13, ou ledit micro-organisme est une souche de Escherichia coli une ievure 
ou un champignon. 

so 1 5. Proc6d6 selon la revendication 12 ou 1 3, oCi ladite cellule animale est une cellule ovarienne de hamster chinois ou 
une cellule Namalwa. 

1 6. Proc6d6 de modification de la chaTne glucidique ajoutee k un polypeptide glycosyie produit par le proc6d6 selon la 
revendication 12, lequel comprend le traitement dudit polypeptide glycosyie par une sialyl-transferase ou une gly- 

55 cosidase s6lectionn6e dans le groupe constitue par la sialidase, la p-galactosidase, la p-N-ac6tyl-glycosaminidase, 
la p-mannosidase et I'eudoglycosidase. 

17. Proc6d6 de preparation d'une composition pharmaceutique comprenant l'6tape consistant k fournir une quantity 
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pharmaceutiquement efficace d'au moins un polypeptide ou polypeptide glycosyl6 selon I'une quelconque des 
revendications 1 & 4, facultativement associ6 & un excipient ou adjuvant pharmaceutiquement acceptable. 
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Fig. 2 
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Fig. 3 



UDP— ( 



UDP-» 



»-»-P-Pav^ 

>-»-»-P-P AWvA 

jT v-q ■ 4 V-^-P/^-GDP-«7 

4-Pawv\— UDP-^ 





7- 



♦ ♦ ♦ 9—^ 

glycoprotein 




polypeptide 



EP0370205B1 




EP0 370 205B1 




win ~ 
x 3<S 

oOO 

<oo 
wi-oo 

:UO 

Coo 



a 
u 
c 

0) 

cr 

0) 



4> -H 
C (ft 



oo 
oo 
oo 

<H 

St 

oo 
oo 

oo 



-J u> 




EP0 370 205B1 



Fig. 6 
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Fig. 7 (2) 
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Fig. 8 (7) 
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Fig. 14 (1) 
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Fig. 14 (2) 
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Fig. 18 
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Fig. 20 
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Fig. 21 
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Fig. 23 
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Fig. 24 • 




EP0 370 205B1 



Fig. 25 
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Fig. 26 
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Fig. 27 
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5 Itcgacggagcctgcagcccagccccaccc 3 
^sTgcctcggacgtcgggtcggggtgggtctggg 5 
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Met Alo Gly Pro Ale Thr 6|n Sc.* Pre . 



[p \ \ » t • MR aio uiy rro mio inr win ssr rr« , 
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XhopSv TNCGAATCTCGTTCACTCCTTCTAG 
'Sou3AJ 

EcoRI m 



Bgll 

*?» 
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